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THE CURRENT STATUS OF MOTIVATIONAL 
PSYCHOLOGY * 


BY SIGMUND KOCH 
Duke University 


Disorientation is the natural condi- 
tion of psychology, but the quality and 
amount of this commodity change at 
different periods. During the two dec- 
ades or so before the war, when the tidy 
trinity of S-R, Gestalt and Psychoana- 
lytic types of theory dominated the 
scene, disorientation was a property of 
the whole body psychological, rather 
than its component parts. Members of 
each theoretical school had a clear, if 
over-optimistic, sense of direction; dis- 
orientation was a molar product of 
the “cross-purposeful” relations of each 
theoretical camp to the others. 

With the conclusion of total war, 
psychology seems now to have entered 
an era of total disorientation. Pressures 
deriving from the needs of a sick soci- 
ety, and, more directly, the unavaila- 
bility, to a greatly expanded corps of 
psychological and social technologists, 
of adequate scientific tools for meeting 
these needs, have led to a widespread 


1 The substance of this paper was presented 
as part of a Symposium on Motivation, held 
April 6, 1950, at the meeting of the Southern 
Society for Philosophy and Psychology in 
Nashville, Tenn. The paper is published ex- 
actly as given, except for an altered final para- 
graph and the inclusion of references. The 
references are included for illustrative and ex- 
plicative purposes. They are not intended to 
provide a comprehensive, or even a representa- 
tive, bibliography of the literature on motiva- 
tion. 


reévaluation of theoretical and funda- 
mental psychology. A sense that the 
chief pre-war theoretical programs were 
over-ambitious in scope, prematurely 
timed in relation to extant empirical 
knowledge, is beginning to emerge. 

I feel that nothing could be, in prin- 
ciple, more salutary than this recogni- 
tion of inadequacy, but the shock of 
recognition has been a difficult trauma 
to contain. The messianic impulse rules 
the day—psychology is to be saved, and 
the H bomb foiled by group dynamics, 
cybernetics, transactional observation, 
projective measurement, unified social 
science theory, the new look in percep- 
tion; by demolition of the barricades 
separating learning, perception and mo- 
tivation; by the exhaustive analysis of 
bar-pressing behavior, etc. Even the 
pre-war messiahs (who shall remain 
nameless) have lost their old buoyancy. 
One of them is calling ruefully for “neu- 
rological models” despite a long and 
checkered history of amours with “sche- 
matic sow bugs” and the like, and oth- 
ers appear to be feeling only half safe, 
after many years of militant confidence. 

One cannot avoid strong concern over 
the current messianic wave. Most of 
the very real deficiencies of the synop- 
tic pre-war theories seem generously 
compounded, not reduced, in the new 
messages. Apparently the important 
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lesson has not been learned. The les- 
son is very simple and very painful. It 
reads: Psychology is not ready for high- 
order theory of any great range or pre- 
dictive power. We lack basic areas of 
empirical knowledge of the sort neces- 
sary for adequate theory. We are even 
a long way from the resolution of many 
methodological problems, answers to 
which are crucial to adequate construc- 
tion of theory. Contrary to certain of 
the stereotypes of the thirties and for- 
ties, we are not in a “Galilean era” of 
theoretical construction; we are closer 
to Thales than we are to Galileo. We 
are a science still groping for the iden- 
tification of our basic variables. 

Only after learning this lesson of hu- 
mility will it become possible to make 
efficient progress towards the objectives 
of sound theory, and powerful technol- 
ogy. I believe that a sober, rational 


program for the rdéle of theoretical psy- 
chology in working towards these objec- 
tives can already be blocked out, but 


this report is not the place for the dis- 

cussion of such a program.” I shall try 

instead to derive a few of the implica- 

tions of our “lesson of humility” for the 

current status of “motivational psychol- 
” 

Nowhere is disorientation—old style 
or new—more evident than in the field 
of motivation. Every major theory of 
behavior of the modern period makes 
some provision for the incorporation of 
variables which represent motivational 
processes. Concepts of the most di- 
verse sorts carry this systematic burden 
in the different theories. They vary in 


2I believe that progress towards adequate 
theory can only be achieved by substituting 
for the continued, undisciplined spinning of 
comprehensive psychological “theories,” the 
pursuit of theoretical psychology, as defined in 
terms of a set of modest objectives geared to 
a realistic estimate of the status of our knowl- 
edge. I have attempted to outline such a set 
of feasible objectives for theoretical psychol- 
ogy in an article (18) which will appear in 
this JournaL. 
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every possible dimension. They vary in 
level of analysis, from assorted degrees 
of the molar in behavioral theories, to 
assorted degrees of the molecular in 
physiological theories. They vary in 
generality from Freud’s libido and Mc- 
Dougall’s horme, to the tension systems 
which Lewin correlates with his quasi- 
needs and intentions. To these con- 
cepts may be imputed the most widely 
divergent properties: In some theories 
they may represent a class of persisting 
stimuli (e.g., Guthrie, earlier Hull); in 
others an energy source (Freud, Mc- 
Dougall, instinct theory) ; in still others 
a class of regulating and directing mech- 
anisms (Morgan’s C.M.S., Kdéhler’s 
brain-field vectors, Hull’s rg, etc.). 
Again, there is wide variation in the 
way in which motivational variables are 
interrelated with other classes of vari- 
ables (learning, perceptual, etc.) in the 
different theories. 

To this cacophony of theoretical “be- 
bop,” the “new disorientation” has 
added some new dissonances. Krech, 
for instance, would save the day by 
proposing, as the central construct of 
psychology, a notion of “dynamic sys- 
tems” which “vary along the dimensions 
of Isolation, Differentiation and Ten- 
sion” (19, p. 78). The arbitrarily dis- 
criminated fields of motivation, learn- 
ing and perception immediately wither 
away, everything now becoming a global 
matter of dynamic systems. Of course, 
“variations of . . . Tension will con- 
tribute to the conscious correlate of 
. . . desire, need, demand,” and “these 
particular conscious correlates are the 
aspects of experience to which most of 
us refer when we speak about ‘motiva- 
tion’” (19, pp. 78-79). Hochberg and 
Gleitman, too, have a way out. They 
“would subsume motivational phenom- 
ena under perceptual laws” (12, p. 
183). 

Confronted with this over-profusion 
of conflicting “theory,” the hygienic 
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thing to do is to turn towards the facts. 
What we find is a ridiculously meager 
set of scattered experimental findings 
and empirical observations. Moreover 
much of this material proves, on close 
analysis, to be ambiguous, unreliable, 
of indeterminate generality, or down- 
right trivial. 

The rate of progress in the accumu- 
lation of basic empirical relationships 
has been fantastically slow. Take as 
a single example of this creeping devel- 
opment the history of the research on 
the réle of differential intensities of pri- 
mary needs or drives in what was called 
“learning.” This, after all, is not an 
unimportant problem; every theory of 
behavior must make some commitment 
with regard to learning-motivation in- 
terrelations. In 1918 Szymansky (43) 
reported that mice learn a simple maze 
with increasing rapidity as hunger is in- 
creased from % to 21-24 hours. Learn- 
ing rate is therefore a positive function 
of strength of motivation. During the 
next 15 years or so, a few more experi- 
ments of similar design were made, with 
similar conclusions, despite the fact that 
Ligon’s (24) 6- and 12-hour groups 
showed an inversion. By the mid- 
thirties, psychology had finally, via the 
latent learning experiments, won its 
way to the distinction between learning 
and performance. With this distinction 
nothing was done for another dozen 
years or thereabouts, except for the 
prosecution of a violent quarrel over 
whether latent learning demonstrates 
the latent death of reinforcement the- 
ory. It was, in any case, a well-known 
reinforcement theorist (14), who, by 
the early forties, helped psychologists 
see that the initial question must be 
broken down into two major problem 
clusters—one concerning the rdle of 
drive strength in the acquisition of 
habit structures, and the other having 
to do with the réle of drive strength 
in the utilization (performance) of 
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habit structures already learned. By 
1950 we have accumulated some slight 
evidence, far from quantitatively exact, 
about the form of the relationship be- 
tween drive intensity and vigor of per- 
formance, at least in the case of a single 
drive (hunger), a single organism (the 
rat), and a single response (bar press- 
ing) (37, 40). With regard to the ef- 
fect of variations in drive strength on 
the rate of trace or habit acquisition, 
we have not been quite so fortunate. 
The past decade has yielded some half 
dozen rat experiments in two standard 
situations (e.g., 9, 17, 26, 41). Most 
of these studies show no effect of varied 
food-deprivation periods on the indirect 
measure of acquisition rate; some, how- 
ever, do. 

Now, I submit that it is absurd to 
proceed with the construction of the- 
ories, resembling in any degree the am- 
bitiousness of extant formulations, on 
the basis of experimental material of 
this order. The alternative is the drab 
one of working modestly towards the- 
ory, and this must be done on a num- 
ber of fronts. In the area of motivation 
perhaps the most important need is for 
a sharp acceleration of progress in the 
accumulation of “theoretically neutral” 
empirical knowledge.* 

Thus I cannot discharge the obliga- 
tion imposed on me by this symposium 
in any direct way. The systematic 


8 The expression “theoretically neutral” may 
require explanation. Without getting twisted 
in the epistemology of bias, reference frames, 
etc., I may say this: There is good evidence to 
suggest that, at those points where the major 
theoretical programs have been in contact with 
empirical materials, there has been a growing 
convergence towards the identification, ma- 
nipulation and recording of common experi- 
mental variables, both independent and de- 
pendent. Such commonly acknowledged ex- 
perimental variables may be regarded as 
“theoretically neutral,” and experiments de- 
signed to explore relations among such vari- 
ables may be said to give “theoretically neu- 
tral” knowledge. 
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status of “motivation” cannot be de- 
fined by anyone; it can only emerge, 
along with some future emergence of 
systematic psychology. What I can do 
is to examine, briefly, the status of the 
empirical facts in the field, because the 
status of motivation is defined by these 
facts, and not by the empty super- 
structures of current theory. Since this 
empirical material, however limited, 
must provide the starting point for the 
accelerated development we are calling 
for, it will be well to present an outline 
of the way in which the major problem 
clusters have planlessly evolved. 

Any “theoretically neutral” map of 
the field of motivation must cope with 
an amorphous and gappy terrain. Any 
such map must be selective, but my 
map will try to avoid the kind of selec- 
tivity that springs from a desire to chart 
the field as it should be, rather than as 
it is. There is no implication that all 
areas listed are important or indispensa- 
ble; I imply only that they exist. All 
that I can squeeze into this report is a 
map of my map. 

As I see it, there are five major prob- 
lem clusters in the current psychology 
of motivation. Summarily, these are: 
I Functional Problems (concerning the 
réles of needs in behavior), II Genetic 
Problems, Ill Problems Concerning 
Need Interaction and Conflict, IV 
“Mensurational” Problems, and V 
Problems Relating to the Organization 
of Needs in Personality. 

These areas have emerged independ- 
ently of codperative research planning 
or coérdination. They are complexly 
interrelated, but we do not know how. 
Advance in any one of these areas often 
presupposes the application of knowl- 
edge that we do not have in some one 
or more of the others. But this is what 
we have, and we might as well admit it. 

Let us briefly identify these areas. 
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1. Functional Problems 


The problems here are central to the 
development of behavior theory. The 
concern is with the general relations be- 
tween needs and: (a) other behavior 
determinants (relating to learning, per- 
ception, etc.), and (b) final behavior 
or performance. Functional research 
has been concentrated in four main sub- 
areas: 


(1) The Relations between Needs 
and Activity (both general and specific) 
(32, pp. 368-381, 39). This has long 
existed as a semi-independent field. In 
the present state of motivation research, 
logic would seem to demand the sub- 
sumption of this field under the rela- 
tions between needs and performance. 

(2) The Relations between Needs 
and Perception (and allied processes). 
Here, until recently, we have had only 
a series of demonstration experiments — 
(2, 4). Currently the sultry glare of 
the “new look” is producing a flare-up 
of conditional research interest (3, 38, 
44) even to the point of a search for 
“intervening mechanisms.” Worthy as 
such a search may be, my guess is that 
success in this quest for mediating 
mechanisms must await general advance 
in psychological theory. 

(3) Relations between Needs and 
Learning. Progress in this intricate 
field has been mainly a matter of 
achieving the ability to ask some of the 
meaningful questions. We have practi- 
cally none of the answers. Two princi- 
pal classes of yuestions have arisen: 
The first concerns the réle of needs in 
the selective determination of the con- 
tent of learning (e.g., the extensive lit- 
erature of “latent learning”). This set 
of questions is qualitative. The second 
concerns the réle of needs in determin- 
ing the rate of acquisition of learning 
structures (habits, traces) (9, 17, 26, 
41). These questions are, of course, 
quantitative. 
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(4) Relations between Needs and 
Performance. ‘This area has also bi- 
furcated into two as yet almost entirely 
unexplored sets of questions. One of 
them has to do with the réle of needs 
in determining which learning struc- 
tures are activated under given condi- 
tions of stimulation (e.g., 13, 20, and 
certain of the “latent learning” experi- 
ments). The other looks into the ef- 
fects of differential need intensity on 
the vigor with which preéxistent learn- 
ing structures are activated (e.g., 37, 
40). 


IT. Genetic Problems 

The genetic research cluster deals 
with the analysis of: (1) primary need 
systems, (2) acquired need systems, 
and (3) the learning mechanisms re- 
sponsible for the modification of pri- 
mary and the development of acquired 
needs. 

(1) Primary Needs. A mass of re- 
search, most of it at the physiological 
level, and a little at the psychological 
level, has been accumulated. At the 
physiological level some progress has 
been made in the analysis of biological 
and neural mechanisms associated with 
primary need states, most conspicuously 
in the cases of hunger and sex (32, pp. 
390-401, 418-438). But what we know 
about even these needs is microscopic 
in comparison to what we still have to 
learn. At the psychological level we 
have some descriptive material on the 
behavior tendencies connected with pri- 
mary needs and their learned pattern- 
ing. The need for increasing this pa- 
thetically limited knowledge has been 
sharply undervalued. 

(2) Acquired Needs. Social psychol- 
ogists, sociologists and cultural anthro- 
pologists have provided us with descrip- 
tive identifications of major acquired 
need systems as the latter operate in 
the statistically defined “individuals” of 
various cultures and sub-cultures (15, 
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28). Clinical psychologists and psychi- 
atrists have contributed cross-sectional 
and longitudinal descriptions of ac- 
quired need systems as the latter op- 
erate uniquely in individuals (34, 36, 
42). I doubt that the specific findings 
here are of significance to fundamental 
psychology, although certain of the 
descriptive and “mensurational” tech- 
niques used in these studies may be. 
(3) Learning Mechanisms Responsi- 
ble for Need Development. The prob- 
lems in this group are crucial to ade- 
quate motivational theory. They are 
perhaps the most knotty problems that 
behavior theory must confront. But 


what do we have? A handful of studies 
built around a series of vague specula- 
tions on (a) “functional autonomy” 
(1), (b) “response produced stimula- 
tion” (6, 30, 31, 33) and (c) “second- 
ary reinforcement” (7, 8, 11, 14). 


III. Need Interaction and Conflict 
Behavior is never motivated by a sin- 
gle need; it is always a complex func- 
tion of a plurality of co-acting needs. 
In this immensely complex area we 
have virtually no soundly established 
knowledge. Psychoanalysts and clini- 
cians have given us a few orienting in- 
sights and some scattered clinical data. 
But from experiments we have nothing 
more than a few surface-scratching 
studies of irrelevant drive (45), drive 
combination (16, 17) and conflict (6, 
29). Some of these studies come from 
fundamental psychologists, who, as a 
group, have shown insufficient interest 
in these problems; others come from the 


psychopathologists (25, 27). 


IV. Need Measurement 
“Measurement” is a metaphor in this 
connection, as it usually is in psychol- 
ogy. Of course, we have our well- 
known 86 techniques for estimating the 
strength and qualitative character of 
needs in humans and other animals (5, 
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14, 23, 35), but we have not even be- 
gun to tackle those scaling problems, 
solutions to which are most vital to 
fundamental advance. For instance, we 
still have not explored the possibility 
of expressing strength of primary moti- 
vation in units which permit translation 
from one drive to others. 


V. Organization of Needs in Personality 

This area can only arbitrarily be sep- 
arated from the general problems of 
need measurement. Ability to measure 
or estimate isolated need systems is only 
a part of what we require, if psychology 
is to be able to represent its “initial 
conditions” in a way necessary for pre- 
diction. We need also descriptive tools 
for representing the interrelations of 
needs within the individual. Freud 
(10) and Lewin (21, 22, 23) (and cer- 
tain of the personality theorists) have 
given us some crude, if illuminating, 
leads in this direction. But they are 


crude, and they are only leads. The 


problems of this and the preceding clus- 
ter are partly methodological in nature, 
but concrete solutions will involve much 
experimentation. 

It should be clear by now that what 
we are mapping can hardly be called 
“terrain.” The subject-matter of our 
map is still in the gaseous stage, to bor- 
row a geophysical metaphor, and will 
require much cooling before it assumes 
determinate form. That cooling can 
only be precipitated by tough-minded 
research, and it is redundant to add that 
the rate of cooling will depend on the 
rate of research. 

There may be a danger in concentrat- 
ing, as I necessarily have, on only one 
of the preconditions to sound progress 
in a field like motivation—the need for 
an accelerated rate of fundamental re- 
search. I hope that my position will 
not be interpreted as merely another of 
the indiscriminate invitations to re- 
search of the sort connected with the 
usual laments about the backward con- 
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dition of the social sciences. If I have 
asked for research, it is research of a 
special kind. It is research designed to 
provide the inductive materials for the- 
ory in some non-illusory sense of the 
word. Thus, it is research guided by 
a strategy based on an analysis of the 
prerequisites of adequate theory. The 
programming of such research must 
start from an assessment of what is use- 
ful and what expendable, what is com- 
mon and what specific in extant theo- 
retical sallies. It must presuppose a 
search for those “theoretically neutral” 
empirical variables which have emerged 
as common components of the concrete 
research inspired by our pre-theoretical 
and quasi-theoretical thinking; it must 
also presuppose an effort to chart the 
contours of existing knowledge in terms 
of the interrelations among such vari- 
ables. The research I have in mind 
would be calculated to increase the ac- 
curacy, fill in the finer details, and en- 
large the boundaries of such “theoreti- 
cally neutral” knowledge. Yet it would 
not preclude conceptual experimentation 
with independent theoretical hypotheses 
or limited-scope postulate sets which. 
have a domain corresponding to some 
part of this knowledge. Indeed, our 
fund of theoretically neutral knowledge 
could not grow without the continuous 
and intensive prosecution of such theo- 
retical endeavors. One of the main 
functions of our inventory of theoreti- 
cally neutral knowledge would be to 
make attempts at concrete theory-con- 
struction feasible, and one of the main 
results of these concrete, if limited, the- 
oretical attempts would be the enrich- 
ment of such knowledge. Only in this 
way, by continual interplay between re- 
stricted, even fragmentary, theoretical 
attempts, and our inventory of theoreti- 
cally neutral knowledge, can we pur- 
chase our slow way towards theory of 
a scope and predictive fertility sufficient 
to justify the business of psychology. 
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THE BRAIN ANALOGY * 


BY H. EDGAR COBURN 
Registered Civil Engineer, San Diego, California 


INTRODUCTION 


The Brain Analogy is a theory of be- 
havior, an instrument for psychological 
and physiological research, and a speci- 
fication for the design and construction 
of mechanisms possessing intelligence. 

The basis of this theory is a hypo- 
thetical nervous system inferred pri- 
marily from data on behavior experi- 
ments and to a lesser extent from ana- 
tomical data. It proposes to simulate 
function, not structure, of organic nerv- 
ous systems. This hypothetical nervous 
system, or Brain Analogy (BA), has 
structures and properties assigned to it 
as indicated in the postulates to follow. 
The sole criterion in the selection of 
these postulates has been to achieve a 
useful result, a workable instrument for 
research. 

The following tentative definition of 
intelligence, based upon this research, 
is used throughout the paper. 

Intelligence is the property of react- 
ing on a basis of probability as deter- 
mined by the individual organism’s in- 
complete sensory samples of the envi- 
ronment, 

The fundamental premise of science 
is that the universe is ordered and that 
research can reveal that order. A sam- 
ple of part of the universe of course 
leaves the door open for erroneous con- 
clusions to enter and the best guess may 
be the most probable one. If the or- 
ganism sampled the entire universe 
there would be no necessity for intelli- 
gence. Whenever the sampling tech- 
nique gives a probability of less than 
unity, or when the “facts” are too nu- 

1 The author wishes to express his gratitude 


to Vera Jane Coburn for her assistance in pre- 
paring the manuscript and drawings. 
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merous to cope with, the organism needs 
a nervous system that functions on a 
basis of probability. When the proba- 
bility is unity and the facts are not too 
numerous, intelligence is not only use- 
less, it is positively a handicap because 
certainty and a simpler mechanism 
achieve the desired result in an un- 
equivocal manner. The mechanism of 
intelligence is always subject to deflec- 
tions by random stimuli and fluctuating 
thresholds. 

The mechanism of conditioning must 
be arranged to favor the most probable 
hypothesis. The strongest component 
of a compound stimulus should get most 
of the conditioning (5, p. 142). Learn- 
ing needs to be general at first (5, p. 
113) and specific later. Signals near 
in time (but not too near) are to be 
favored and signals separated further 
from reinforcement (delayed and trace 
reflexes) should receive less condition- 
ing, while signals which occur after re- 
inforcement are to receive only weak 
and transitory conditioning (5, p. 393), 
if any. These conditions are fundamen- 
tal and are unchanged by the fact that 
selective reinforcement will raise a weak 
component to a position of dominance; 
this acquired dominance is concerned 
merely with the magnitude of the con- 
ditioned response after training and not 
with the relative rate of change of con- 
ditioning. 

Although the BA is quantitatively 
unlike any species, it serves to eluci- 
date principles which apply to nervous 
systems in general, and should aid in 
research by limiting the number of pos- 
sibilities that need be considered and 
investigated. While the BA is, or can 
be, a definite physical structure pos- 
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sessing properties that can be investi- 
gated critically, both by theory and 
measurement, and compared exhaus- 
tively with data from experiments with 
living organisms, the tremendous task 
of accurate detailed alignment is not 
the goal of this project—the primary 
object of this paper is the establishment 
of the principles of intelligent mecha- 
nisms. 
POSTULATES 

The following postulates are general 
and contain little of a quantitative na- 
ture. Where it seems helpful the postu- 
lates are accompanied by a discussion 
of the factors that led to their selection. 
Where it seems necessary, resort is had 
occasionally to the calculus, but the 
graphs and common algebra suffice to 
give an adequate grasp of the theory. 

Figure 1 shows some of the relation- 
ships defined in the postulates and in- 
dicates the general structure of the BA. 


Sensory Receptor 
4 3 Element 
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Postulate 1 

A sensory neuron (in BA theory) is a 
unit consisting of one or more receptor 
elements or poles, latency elements, a 
combining element, and a conducting 
element which divides into a multitude 
of branches each terminated with a con- 
ditioning element (delta cell). 


Postulate 2 


A motor neuron is a unit consisting of 
one or more receptor elements or poles, 
a combining element, a conducting ele- 
ment, a cell body to which sensory neu- 
rons make potential connections, a drive 
receptor having a separate connection 
with the cell body, and an output ele- 
ment which actuates an effector. 


Postulate 3 
A neuron responds on an ail-or-none 
basis; conduction is unidirectional. 
Combining Elements 
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Fic. 1. 
of the cerebral cortex. 


The structure of the Brain Analogy is shown as it pertains to the supposed functions 
Subcortical functions have been omitted. No significance attaches to 


the serial order of the delta cells on the motor cell bodies though there is a proximity effect. 
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y = 0.0 


z= 1.0 


pulses per second 
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log stimulus intensity 
Fic. 2. Graph of Equation 1. 


Postulate 4 
A receptor element or pole, when appro- 
priately stimulated, responds with a pulse 
frequency that is a function of stimulus 
strength. The response rate in pulses per 
second 1s 


p= [": a as, () 


where w, y, and z in a population of re- 
ceptors are independent variables with 
normal distribution. For any one re- 
ceptor they are constants. 


P = pulses per second, 

e = the base of natural logarithms, 

w = saturation value of pulse rate, 

x = log intensity of stimulus, 

y = log mean-pulse-frequency stimulus, 

z = standard deviation of pulse distri- 
bution. 

There is no finite threshold for recep- 
tors: any stimulus greater than zero 
results in an output frequency. The 
function y is the substitute for the con- 


ventional threshold value but. since z 
and w vary from receptor to receptor 
it cannot offer a direct comparison. A 
finite threshold has some advantages, 
if expressed as a satisfactory mathe- 
matical function, but may not be es- 
sential from an operational viewpoint. 
Figure 2 is the graph of Equation 1. 


Postulate 5 
The pulses generated by the receptor 
elements of the sensory neurons are delayed 
during conduction to the combining element; 
the latency distribution is 
— (T — To) 


2o%* (2) 


1 
L= e 
1 V0 
where 


k = a constant delay for all receptors, 
L= = probability density of latencies, 
t = time in seconds (not less than k), 
T = log (t — k), 
To = mean value of T, 
o; = standard deviation of the latency 
distribution. 
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The distribution of latencies must al- 
low the most probable hypothesis to 
function. Conditioned stimulus com- 
ponents, removed in time from the op- 
timum interval between conditioned 
stimulus and reinforcement, appropriate 
a relatively small percentage of the 
available motor neurons. Latency is 
made an independent variable to avoid 
latency variations in the conditioned re- 
sponse due to changes in amplitude of 
stimulation or area of receptor field. 

The additional constant delay allows 
the “effective duration” of the reinforce- 
ment to have a finite value without 
causing conditioning to simultaneous 
reflexes. 


Postulate 6 


The combining element, of a sensory 
neuron, when stimulated in a particular 
fashion by the delayed pulses from the 
poles, generates a pulse frequency that 
is a function of the stimulus strength. 

There is nothing in this postulate that 
limits the relationship of one pole to 
another or to the combining element. 
The multipolar neurons may require 
stimulation of all the receptors in order 
to respond. The relative magnitude of 
the stimulus for the several poles may 
be set at any finite value, or substan- 
tially zero if required, and the response 
is not forthcoming unless the stimuli 
strengths or strength ratios correspond. 
The poles may belong to separate sen- 
sory fields or analysers, and the laten- 
cies may take any useful values. Spe- 
cial combinations of properties, includ- 
ing generalized sensory neurons, will be 
discussed later. 


Postulate 7 


Each sensory neuron has one poten- 
tial connection with every motor neuron 
cell body by means of the delta cells 
which receive the sensory pulses trans- 
mitted through the branches of the con- 
ducting element. 
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Postulate 8 


The conducting element of a motor 
neuron transmits the pulses, with zero 
delay, to the cell body where the pulse 
is continued only if it coincides with a 
random event (the evocation function 
or simply, E function). 

The £ function is defined in Postu- 
late 15. The Q and EZ functions are 
similar; see Postulates 12 and 14 for 
additional data. 


Postulate 9 


The motor pulse “contacts” all delta 
cells, in turn (or several at any instant), 
before the next motor pulse starts. 


Postulate 10 


The motor neuron is inactive for a 
finite period after an output pulse either 
conditioned or unconditioned. 

See Postulate 14 for related data. 


Postulate 11 


The coincidence of a sensory pulse, 
motor pulse, and a random event (the 
Q function) at the delta cell (reinforce- 


‘ ment) changes the potential connection 


into a functional one (conditioning) un- 
less the cell is disabled. 


Postulate 12 


There exists a factor (the Q func- 
tion) such that the rate of conditioning 
for a group of neurons is independent of 
the strength of sensory stimuli, is re- 
duced by massed trials, is increased by 
drive, and is substantially independent 
of the relative location of the delta cells 
on the motor cei's. 

The reader may, if he wishes, con- 
sider that the motor neuron cell body 
contains a cloud of molecules moving 
about in random fashion. The cloud 
consists of two components: molecules 
inert toward the conditioning reaction 
and molecules, called ignitors, the pres- 
ence of one of which at the delta cell 
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constitutes the random event or Q func- 
tion. Consider that the ignitor is de- 
stroyed by the coincidence with a ‘sen- 
sory pulse whether a motor pulse is 
present or not and regardless of the 
status of conditioning. The ignitors 
are replaced by diffusion into the cell 
body and their supply is a function of 
drive. 

Whatever the facts of conditioning 
may be, the foregoing is merely a con- 
venient fiction and a mathematical pos- 
tulate is equally satisfactory if an ab- 
stract form is preferred. The random- 
ness of the Q function (the probability 
that an ignitor will be present at the 
delta cell) is required to prevent the 
appearance of a systematic property 
with rhythmic or periodic stimuli. 

A simple analogue exists (Fig. 3) 
that will serve in place of ‘ qations and 
which seems useful as a component in 
electronic models of the BA. The con- 
denser is charged to the voltage of the 
battery through the resistor R;. The 
resistor Rz is continuously maintained 
inversely proportional to the total pulse 
rate applied to the motor neuron 
through the delta cells. When the pulse 
rate declines again to zero the condenser 
regains its charge slowly so as to pro- 
vide for a massed-trials effect. At any 


drive control 
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instant the voltage on the condenser is 
a measure of the probability that the 
specified random event will occur in a 
small finite time interval. 


Postulate 13 


By inducing into the motor neuron a 
negative phase which persists for a finite 
time during and after each pulse, the 
motor neuron itself after a finite inter- 
val of activity (the effective duration), 
or the first conditioned delta cell into 
action disables all, or all other, delta 
cells on the same motor neuron, insofar 
as conditioning and the effect of rein- 
forcement are concerned. 

The property of disabling the more 
latent delta cells, by conditioned delta 
cell activity, is one of the important fac- 
tors in the process of differentiation. 
It permits one delta cell to appropriate 
the motor neuron and hold it against 
the encroachments of all other cells un- 
der a given set of conditions. After one 
delta cell has become conditioned, on 
subsequent trials, only cells less latent 
can compete for conditioned connec- 
tions. The least latent of those regu- 
larly reinforced appropriates the mo- 
tor neuron sooner or later and thereby 
causes the latency of the conditioned 
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Fic. 3. An electrical analogue for defining magnitude of the Q function probability. 
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Fic. 4. A gradient is established in the population density of “ignitor” molecules due to the 
action of delta cell number one. Testing with conditioned cell (2) would now reveal a less-than- 
normal response which has usually been interpreted as inhibition. 


reflex to reach a minimum. Since 
other cells may also be active and 
conditioned (redundant conditioning), 
the disabling property by preventing 
the effect of reinforcement causes these 
more latent cells to drop their condi- 
tioned status after a sufficient number 
of conditioned output pulses (see Pos- 
tulate 17). Conditioning is established 
on a competitive basis, the successful 
competitor depending on a combination 
of receptor properties and the experi- 
mental program. Actually, the proper- 
ties of the delta cells are involved too, 
if differentiation is based on the decre- 
ment factor. 

The motor-induced negative phase 
prevents backward conditioning. 

There is nothing in this postulate 
that concerns conditioned but inactive 
delta cells. 


Postulate 14 


The motor neuron gives an output 
pulse for each coincidence of a random 
event (the E function) with either a 
motor cell body input pulse (the uncon- 
ditioned response) or the output pulse 
of an active conditioned deita cell (the 
conditioned response). 

This is also an ignitor mechanism 
identical in principle to that discussed 
in connection with Postulate 11, except 
that motility and diffusion of the ig- 
nitors is greatly reduced so as to intro- 
duce a pronounced temporary reduction 


of ignitor population in the area sur- 
rounding the center of activity. Other 
conditioned delta cells activated in the 
area of reduction show less than normal 
response (the proximity effect). 


Postulate 15 


There exists a factor (the E function) 
such that the pulse rate of conditioned 
responditig is reduced by proximity on 
the motor cell to another group of ac- 
tive, or recently active, delta cells, by 
massed test trials, and by reduction in 
drive. 

This property is responsible for such 
characteristics as external inhibition, ir- 
radiation, uninterrupted extinction, and 
spontaneous recovery. 

It may not be possible to express Pos- 
tulate 15 in the form of an elementary 
mathematical function and in addition 
it will be necessary to collect experi- 
mental data bearing on this specific 
phase of the subject before any valid 
quantitative theory of responses can be 
advanced. 

A qualitative version of Postulate 15 
is introduced in Fig. 4 which shows 
the condition after delta cell number 
one has been actuated for a short time. 
The ignitor population, represented by 
circles, is dispersed on gradients with 
the mirimum at delta cell number one. 
But cell number two is also influenced 
by the gradient and if it is a condi- 
tioned cell and actuated at the stage 








Tue Brain ANALOGY 


shown in the diagram the conditioned 
response is less than normal. The rates 
of decline and recovery are influenced 
by the motility of the ignitors and by 
the rate of diffusion through the cell 
wall. 

Postulate 16 


Drive, the effect of physiological con- 
ditions on the nervous system, is one 
factor controlling the magnitude of the 
Q and E functions. 

The absence of hunger, for example, 
and attendant disappearance of the Q 
and £ functions makes it impossible to 
establish a conditioned salivary reflex, 
or to evoke a response from a previously 
established one. In an exactly parallel 
manner the locomotion system is not 
sensitized during satiation (it may be 
by some other drive, however), and in- 
strumental conditioning and responding 
in the conventional sense are impossible 
based upon hunger. 


Postulate 17 


After a finite number of conditioned out- 
put pulses (the gamma phase), cumulative 
with separate trials, and subsequent to the 
last effective reinforcement pulse, each 
conditioned output pulse exposes the delta 
cell to a probable loss of conditioning (the 
decrement factor). The distribution of the 
decrement factor ts 


M 
D= 
on Ve 


where 


A y —o-—%») 
N= a- f ¢. 7. 
G3 2a J-« 
and 
a = maximum value of 0, 
b = range of 0;, 
D = probability density of decrement 
factor, 
i = (see Equation 5 and Fig. 5), 
K = reciprocal of maximum decrement 
factor, 


M = number of delta cells, 
os = standard deviation of v, 


1=iog (3-1), 


v1 = mean value of v (a function of y), 
yo = mean value of y, 


6 = decrement factor (o>). 


Gamma phase in terms of the number of 
conditioned output pulses is 
J 
7 Th (4) 
where 


Y = gamma phase, 
J = gamma phase constant. 


It should be noted at once that while 
the loss of conditioning is based upon 
probability and is uncertain for any 
specific cell, the “finite number of 
pulses,” gamma, is a definite number 
for any cell based upon another defi- 
nite number—the decrement factor— 
the measure of probability. 

Since a single effective reinforcing 
pulse by re-initiating the gamma phase, 
at any time prior to extinction, re- 
establishes the conditioned delta cell to 
its status of maximum potential resist- 
ance to loss of conditioning it might 
appear that a trivial reinforcement 
could prevent decrement, but this is 
not the case because it is practically 
impossible to stimulate weakly a sig- 
nificant number of motor neurons. It 
should be observed that reinforcement 
for a conditioned delta cell consists of 
an “effective duration” motor pulse oc- 
curring during the time that the delta 
cell induces a negative phase into the 
motor cell and is mot the same mecha- 
nism as reinforcement of an uncondi- 
tioned delta cell (see Postulate 11). 
Not only is the mechanism different but 
one is based upon probability while the 
other is a matter of certainty (for delta 
cells possessing appropriate properties). 
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The introduction of the probability 
element as a property of decrement 
causes the organism gradually to be- 
come immune to occasional non-rein- 
forced trials and a mechanism is pro- 
vided for the phenomena of periodic 
reconditioning. Decrement is inversely 
related to gamma to increase the “re- 
flex reserve” (7, p. 294). 

The term periodic reconditioning is 
used in this paper to include any series 
of trials in which non-reinforced trials 
intervene with reinforced trials. This, 
of course, includes as a special case 
Skinner’s use of the term (7), and also 
his examples of reinforcement at a con- 
stant ratio. 

The requirement for conditioned out- 
put pulses introduces a massed-trials 
effect due to the effect of the Z func- 
tion. Massed non-reinforced trials 
bring about rapid overt extinction but 
the permanent extinction is less than 
with spaced trials. 

Glandular reflexes must be arranged 
so as to avoid useless secretion; the 
continued action as with musculature 
reflexes in response to periodic recon- 
ditioning, can serve no useful purpose. 
It is therefore necessary to avoid dif- 
ferentiation based upon low decrement 
factors and this, though not indicated 
in equations, is effected by restricting 
the range of distribution. 

The decrement factor appears to be 
the weakest of all the postulates. It 
seems probable that a constant or linear 
function is inadequate and the present 
choice is admittedly workable over only 
a limited range, if at all. It is conjec- 
tured that the decrement factor must 
be a function of threshold (or y) in 
order to provide stability for the mag- 
nitude of the conditioned response un- 
der the influence of periodic recondi- 
tioning; otherwise, delta cells having a 
high pulse rate will be discriminated 
against and the conditioned response 
will decline in strength (Z remains un- 
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changed). Evidence to support the 
conjecture of stability of magnitude of 
response is scanty and unimpressive 
when the burden is considered; in fact, 
there seems to be some biological ad- 
vantage if the response increases in 
magnitude. 
FUNDAMENTALS 


Our next concern is with the appli- 
cation of the basic postulates to simple 
conditioning, extinction, and differen- 
tiation. 

An intact living organism may be 
subjected to an experimental program 
designed to show habit growth, but 
inevitably it is also subject to habit 
extinction and differentiation since it 
contains the complete intelligence mech- 
anism. The BA presents the same com- 
plication. To some extent we must 


simplify to keep the problem manage- 
able even if this can be done only at 
the expense of distortion. 

An attempt was made to deduce from 


the postulates the general laws of habit 
growth and decay. The author was re- 
luctantly forced to the conclusion, how- 
ever, that a logically complete analysis 
might require a major effort in itself. 
Studies were also made of the possibil- 
ity of revealing the detailed progress of 
habit growth and decay. The algebra 
of simple probability seems to apply 
but it is extraordinarily tedious. While 
the detailed course of habit growth is 
thus not delineated and the general laws 
are not deduced, there is a generality 
concerning the ultimate fate of a habit 
that is of such importance for under- 
standing as to deserve the utmost at- 
tention. Reference is made to the fact 
that some conditioned connections pos- 
sess stability and some do not. This 
property provides a logical basis for 
certain simplifications which will shortly 
allow us to show applications of the BA 
to the much more complex problems 
that have engaged the interest of psy- 
chologists. 
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Receptor Fields 


Let us assume the existence of two 
receptor fields, C and U, containing the 
sensory and motor receptors, respec- 
tively, of BA theory. Field C will be 
the domain of the conventional condi- 
tioned stimulus while Field U will be 
the domain of the conventional uncon- 
ditioned stimulus or reinforcement. The 
motor receptors actuate the motor neu- 
rons and the unconditioned response. 
The delta cells of the sensory neurons 
compete fer conditioned connections to 
the cell bodies of Field U motor neu- 
rons, 

In this discussion we assume that all 
neurons have simple one-pole receptor 
arrangements without qualitative dif- 
ferences within one field. 

Field C contains, say, 1,000 sensory 
neurons while Field U contains 10,000 
motor neurons. There will be 


1,000 x 10,000 = 10,000,000 delta cells 


in accordance with Postulate 7, and 
there will be 1,000 potential conditioned 
connections to each motor neuron. 

The total pulse rate output of a re- 
ceptor field is a function of several in- 
dependent variables: number of recep- 
tors, “threshold,” deviation of individ- 
ual response curves, saturation value, 
and stimulus intensity. Since at this 
stage we are interested primarily in de- 
veloping the principles involved in the 
BA, and the réle of all of the variables 
appears not to be known, considerable 
effort will be saved by assigning con- 
stants for some of the variables. It 
will suffice to retain “threshold” and 
stimulus intensity as independent vari- 
ables. The variable y is substituting 
for the conventional threshold. 

The pulse rate of response of a re- 
ceptor in pulses per second is deter- 
mined by Postulate 4 where x = log 7; 
and w, y, and z are independent vari- 
ables to which we assign the arbitrary 
constants of 200 pulses per second satu- 
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ration value, a set of 14 discrete values, 
and unity, respectively, as shown in 
Fig. 5. It follows that the pulse rate 
of a field of receptors is 

14 — (x — i)" 
rcP=nDt [fe * ax, () 


imi 2 V29 J—w 


where 


A; = fraction of receptors having one of 
the assigned “‘threshold”’ values, 
i = an index for the set of constants, 
n = number of receptors. 


The family of curves shown in Fig. 5 
represents a field of receptors with nor- 
mal distribution of “threshold,” or val- 
ues of mean frequency stimuli. The 
dashed curve in the same figure is the 
average response for the group and 
shows graphically how the useful range 
of stimulation is increased by a non- 
homogeneous population of receptors. 
The ordinates of the dashed curve can 
be multiplied by m to get the total out- 
put pulse rate for the field at any stimu- 
lus intensity. 

Assume that the 1,000 sensory recep- 
tors of Field C are subject to a stimulus 
intensity of unity (x= 0). The corre- 
sponding ordinate 


zF = 38 pulses per second 


and 
> P = 38,000 pulses per second. 
Next consider that the 10,000 receptors 


of Field U are subject to a stimulus in- 
tensity of ten (x = 1). As before 


P 
XP — 86 pulses per second 


and 
<P = 860,000 pulses per second. 


Effect of Latency Elements 


Assuming that the outputs of the re- 
ceptor fields have been computed or 








pulses per second 





+ 


AY 


raga) ~ 


Ase @ > #¥2yF 


= ] l l J 





te) 


+1 +2 +3 +4 +5 


log stimulus intensity 


Fic. 5. A family of response curves generated by giving the “threshold” (y) norma! distribution. 
The dotted curve is the average for the group. 


measured, the next concern is with the 
effect of the latency elements on the 
pulse populations traversing them. The 
undelayed output of a receptor field is 
some constant finite value for any given 
stimulus intensity; but it is necessary 
to know how the total pulse rate ap- 
pears at the delta cells if we wish to 
evaluate the Q function and analyse 
the mechanism in greater detail. Re- 
ferring to Postulate 5 we find that the 
latency is made up of two parts, one of 
which is constant for ali latency ele- 


ments of sensory neurons. This value, . 


k, is now assumed to be 0.3 second. 
The latency distribution of Postulate 5 
is integrated to determine the fraction 
of neurons (one receptor per neuron) 
past ae 

— (T — To} =. 

i T. 6 
71 Tl. ¢ ) 


By assigning for 7) and o; the values 
of log 0.3 = 9.477 — 10 = — 0.523, and 


unity, respectively, we get the graph 
shown in Fig. 6. The ordinate of this 
curve multiplied by N (the number of 
neurons stimulated) is the number of 
neurons past latency for any time # 
after the beginning of the stimulus. 

Since latency is an independent vari- 
able the neurons past latency are rep- 
resentative of the entire field insofar as 
other variables are concerned and there- 
fore the latency curve is a total-pulse- 
rate curve provided appropriate units 
are chosen. 

For convenience the stimulus applied 
to the field is uniformly intense at all 
points and is applied and removed in- 
stantaneously with a finite interval be- 
tween. Mathematically, we apply a 
positive step function followed after a 
finite interval by an equal negative step 
function. The two combined will be 
termed an impulse function (Fig. 7). 

It will be apparent at once from the 
form of the latency equation that some 
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Fic. 6. Percentage of sensory neurons past latency at any time after the 
beginning of the stimulus. 


of the pulses originating with the posi- 
tive step function will be delayed in- 
definitely long so that some of the im- 
pulse function pulses will have run their 
course and terminated before others 
have appeared at the delta cells. A 
graph of the phenomenon is shown in 
Fig. 8. 

In the typical classical conditioning 
experiment the conditioned stimulus is 











time 





Fic. 7. The impulse function, one of many 
possible driving functions, is typical of sev- 
eral classical signals. 


applied alone for several seconds fol- 
lowed by the simultaneous application 
of the conditioned stimulus and rein- 
forcement for several seconds longer. 
These additional data are also indicated 
in Fig. 8. The reader is referred to 
Postulate 13 for the significance of the 
“effective duration” of the reinforce- 
ment which is here assumed to be 0.3 
second. 


Stimulus Timing 


We propose here to indicate only in 
a general qualitative way the effect of 
the time relationship between the con- 
ditioned stimulus and reinforcement. 

Assume that the conditioned stimulus 
is a “click” of sufficient intensity and 
short enough duration to cause substan- 
tially all of the receptors to respond 
simultaneously with one output pulse. 
The pulse distribution at the delta cells 
will be a reproduction of the latency 
curve which is repeated in Fig. 9. The 
same constants are used as before in- 
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cluding the 0.3 second effective duration 
of reinforcement. 

When the unconditioned stimulus 
(US 1) is applied simultaneously with 
the signal the increment of condition- 
ing is zero because the minimum latency 
is sufficient to prevent an actual over- 
lap in time at the delta cells. Starting 
the reinforcement (US 2) at 0.15 second 
after the signal results in less than 
maximum conditioning increment be- 
cause the overlap is not complete. De- 
laying the reinforcement (US 3) until 
0.3 second causes a maximum overlap 
and maximum increment of condition- 
ing. If the reinforcement (US 4) is 
delayed any longer the increment of 
conditioning is less than maximum be- 
cause of the fact that the magnitude 
of the Q function is approximately an 
inverse function of the total pulse rate 
while the pulse rate is increasing, but 
fails to recover rapidly as the pulse rate 
declines. 

In the event that we use a steady 
tone as conditioned stimulus instead 
of a click, the recovery of the Q func- 
tion is an insignificant item and the 
start of the reinforcement may be de- 
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layed several seconds with little effect, 
provided, of course, that the signal and 
reinforcement overlap at the delta cells. 

From the above we see that the ef- 
fective duration of reinforcement must 
be short to prevent backward condition- 
ing and the latency distribution curve 
should include a finite minimum delay 
to prevent conditioning to simultaneous 
reflexes. Furthermore, since condition- 
ing occurs only during the effective du- 
ration of the reinforcement, a preéstab- 
lished conditioned reflex will decline in 
strength if used in a backward condi- 
tioning program (5, p. 392). 

As Richard Coburn noted when read- 
ing the original manuscript, we ignored 
the well-established fact that backward 
conditioning is greater than zero. The 
reason is as follows. 

The BA subjected to stimuli A and 
B is an abstraction having no parallel 
among living organisms either in or out 
of the laboratory. Always there are 
random stimuli to contend with—stim- 
uli not detected by the experimenter— 
and impossible to eliminate for intact 
organisms. Those stimuli compete for 
control of conditioned reflexes and, 
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asynchronism of reinforcement to indicate the effect of timing. 


since some are actuated before the con- 
ventional conditioned stimulus and re- 
inforcement, no problem of backward 
conditioning exists for them. Were 
they not random they would soon ap- 
propriate all actuated motor neurons; 
as it is they acquire control of approxi- 
mately ten per cent, to judge from ex- 
perimental data. 


Simple Conditioning 

Each trial of the conditioning process 
itself, in which reinforcement follows 
the signal, can be divided into stages 
(see Fig. 8). The first stage com- 
mences with the signal and ends with 
the beginning of motor cell activity. 
The second stage covers the interval of 
the effective duration of motor cell ac- 
tivity. The third stage starts at the 
end of the effective duration and theo- 
retically persists indefinitely, though in 
practice the quantitative aspects soon 
decline to negligible value. 

During the first stage, and we are 
considering one of the intermediate 
trials of a series, the delta cells become 


active as their latent periods expire, 
exposing the conditioned ones to decre- 
ment and establishing negative phases 
which disable unconditioned and re- 
dundant cells. It should be emphasized, 
however, that in no stage is a cell ex- 
posed to decrement until its gamma 
phase is depleted. 

All conditioning takes place during 
the second stage. Previously-condi- 
tioned active delta cells are reinforced, 
unless they are redundant, in which case 
they continue to be subject to decre- 
ment. See Postulates 11 and 17 con- 
cerning conditioning. 

In the third stage the negative phase 
is self-induced in the motor cells and 
all conditioned active delta cells are 
subject to decrement. The computation 
of the decrements occurring in this stage 
is relatively simple except for the fact 
that the Z function is difficult to evalu- 
ate. 

By confining our attention to an in- 
termediate trial we get a qualitative 
view of the general case which applies 
also to the first trial as a particular in- 
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stance in which existing conditioning is 
zero, and to extinction as another par- 
ticular case in which reinforcement is 
zero. 

Consider the first stage of an inter- 
mediate trial. Every motor cell can 
be placed in one of five groups accord- 
ing to the status of its delta cells: 


1. No conditioning, 

2. Conditioned and latency less than 
first stage duration, 

3. Conditioned and latency greater 
than first stage duration, 

. Redundant conditioning and mini- 
mum latency less than first stage 
duration, 

- Redundant conditioning and mini- 
mum latency greater than first 
stage duration. 


Of course if all trials are alike no delta 
cell having a latency greater than stage 
one plus stage two can be conditioned 
because the effective duration is then 


past, and such cells are excluded from 


the discussion. Note that for groups 
four and five redundancy is not limited 
to one extra delta cell; and while the 
least latent conditioned cell in group 
five is not active in the first stage, it 
can be active in group four where only 
one delta cell can have a latency less 
than the duration of stage one. This 
is true because the negative phase starts 
before the reinforcement and prevents 
further conditioning. 

No conditioning takes place during 
stage one; hence we are concerned only 
with decrement, and remembering (Pos- 
tulate 17) that decrement can take 
place only when a delta cell is giving 
conditioned output pulses, we eliminate 
from consideration groups one, three, 
and five. 

Considering now the second stage of 
an intermediate trial we see that the 
same five groups previously discussed 
apply. A group one cell is subject to 
conditioning which, if accomplished, in- 
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stantly transfers it to group two or 
three (not to group four or five because 
of the disabling property). Groups two 
and four during stage two are always 
returned to their status of maximum po- 
tential resistance to extinction unless 
the motor pulse rate is so low as to per- 
mit a few to drop their conditioned 
status. Also it is possible that newly 
recruited conditioned cells having a 
very high decrement factor and short 
gamma phase may follow suit when the 
motor pulse rate is low. Both of these 
cases, as mentioned in connection with 
Postulate 17, are trivial. The redun- 
dant conditioning of group four (and 
five) is subject to extinction regardless 
of reinforcement. The least latent 
delta cells of group four react as if they 
were in group two. The conditioned 
cells of group three and the least latent 
conditioned cells of group five are re- 
turned to their status of maximum po- 
tential resistance to extinction, as for 
groups two and four, unless condition- 
ing intervenes during the latent period 
when they are transferred to the redun- 
dant class. 

Further detailed discussion on a qual- 
itative basis is unprofitable so we will 
proceed at once to consider the ultimate 
fate of the conditioning process. 


The Physiological Limit 

The following simplified approach is 
based largely upon a non-mathematical 
argument. Assuming the experimental 
program shown in Fig. 8, and also 
assuming the individual trials are 
spaced far enough in time to avoid 
interaction due to depression of the EZ 
and Q functions, it will be observed 
that some conditioned connections pos- 
sess stability and some do not. No 
delta cell having a latency greater than 
stage one plus stage two can become 
conditioned because the effective dura- 
tion is then past. The balance of the 
delta cells are subjects for possible con- 
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ditioning which will be stable only un- 
der certain conditions: First, the la- 
tency must not exceed stage one or 
displacement by less latent cells will 
occur, and second, the gamma phase 
must not expire or the cell will be ex- 
posed to decrement. Once a delta cell 
meeting the above requirements be- 
comes conditioned it remains condi- 
tioned, successfully resisting the en- 
croachments of all other cells until the 
experimental program is modified. 

During any conditioning program 
then, we have an unstable group which 
at first increases in size even though 
gradually losing a few members, and a 
stable group which ultimately gains 
substantially complete control of the 
conditioned reflex. At any particular 
test trial the conditioned response is 
due to the combined efforts of both 
groups. 

It is important to note that the con- 
ditioning process attracts any delta cell, 
active during the effective duration and 
not interfered with, but it is to the ex- 
tinction process that we owe elimination 
of the unstable group. Furthermore, 
the process involves selective reinforce- 
ment on a basis of latency and gamma 
phase. Conventionally we can have re- 
inforced trials, extinction, and selective 
reinforcement all in neat separate cate- 
gories. In actual practice all are pres- 
ent during the course of a reinforced 
trial because we are dealing with an 
intact organism which contains the com- 
plete mechanism of intelligence. 

The particular cells which form a sta- 
ble group are determined entirely by 
their properties and the experimental 
program. Note that while it is the 
delta cell which becomes conditioned, 
the properties involved include those of 
the receptors, etc. Cells stable under 
one set of conditians may not be under 
another set. 

The probability of conditioning for 
any delta cell is a function of pulse rate, 
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among other things, and is not influ- 
enced by the factor of gamma phase 
which is an independent variable af- 
fecting stability. The amount of con- 
ditioning on any trial would always be 
a fixed percentage (probability) of the 
unappropriated motor cells, and a sim- 
ple equation would result were it not 
for the fact that some of the unstable 
group give up their connections and all 
motor neurons do not have the same 
pulse rate. 

The principal conclusion we can glean 
from the above verbal argument is that 
the unstable group -ultimately disap- 
pears while the stable group receives a 
gradually decreasing increment with 
each successive trial and the resulting 
growth curve approximates well-known 
learning curves. 


Extinction 
The preceding discussions have al- 
ready prepared the reader for all the 
elementary non-quantitative aspects of 


extinction. Suffice it to note here, by 
way of summary, actuation of the con- 
ditioned stimulus without reinforcement 
exposes the conditioned cells to a prob- 
ability of extinction which results in a 
curve approximating the so-called law 
of organic decay. 
Simple Differentiation 

There are three types of differentia- 
tion, one of which is “pure,” and two of 
which occur in conjunction with the 
first type. 

The first and simplest type of differ- 
entiation is based on the gamma phase. 
While this type may not be conven- 
tionally included as differentiation it 
possesses the usual characteristic of 
transferring conditioning from one 
group of delta cells to another by means 
of selective reinforcement. 

Assume a homogeneous field of sen- 
sory neurons with the usual variations 
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of latency, “threshold,” and gamma 
phase, and assume further that a habit 
has been established to a particular ex- 
perimental program involving no non- 
reinforced trials. The differentiation is 
effected by occasionally, and at random 
intervals, omitting reinforcement. The 
effect of this procedure is to re-define 
the stable and unstable groups with the 
result that the conditioning is gradually 
transferred to the group possessing a 
long enough gamma phase to survive 
the process undisturbed. Experimen- 
tally, the animal becomes immune to 
occasional non-reinforced trials. 

The process can be continued to in- 
clude delta cells having longer and 
longer gamma phases, increasing the 
number of successive non-reinforced 
trials, until terminated finally by an 
insufficient population of delta cells of 
long enough gamma phase to appropri- 
ate all the involved motor cells. When 
the appropriation fails to be complete 
the differentiation changes character to 
the extent that it is no longer possible 
for it to become and remain substan- 
tially independent of the relative num- 
ber of reinforced and non-reinforced 
trials 


The second type of differentiation is 


based on latency. Obviously, if an 
established conditioned reflex is altered 
by increasing (or decreasing) the delay 
of reinforcement, we re-define the stable 
group on a basis of latency and after 
sufficient practice a test trial will reveal 
the change. This process can be con- 
tinued with increasing delay or with 
trace reflexes until terminated by an 
insufficient population of delta cells pos- 
sessing a long enough latency. Not so 
obvious, however, is the effect of the 
simultaneous and unavoidable gamma- 
phase differentiation which takes place. 
When we delay reinforcement to estab- 
lish differentiation on a latency basis, 
the group of cells which bridge the gap 
of stage one receive an “increment of 
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immunity” to non-reinforced trials. Al- 
though the gamma function cannot dis- 
criminate between non-reinforced and 
delayed trials and tends to resist a 
change of increasing delay, the distribu- 
tion of the gamma and latency variables 
favors the latter. ; 

The third type of differentiation is 
based upon receptor differences and, 
though occurring in a great variety of 
forms, involves no new principles be- 
yond the use of multipolar neurons. 

It will be observed that any difference 
in sensory neurons may become the ba- 
sis of differentiation if the inter-relation- 
ships among the neurons and the rela- 
tionship to the experimental program 
are appropriate. The three types of 
differentiation provide a mechanism for 
the correlation of large tracts of data: 
some of these applications are the sub- 
ject of the following sections. 


APPLICATIONS 


We begin at last the interesting task 
of interpreting familiar examples of be- 
havior in terms of the postulated mech- 
anism. 

The applications which follow are 
based upon phenomena selected for 
range of interest and generality. Nec- 
essarily omitted for lack of time and 
space are numerous other aspects of the 
BA which were investigated during the 
course of this research. To some ex- 
tent the discussions become successively 
more abbreviated in certain respects to 
prevent excessive repetition and as a 
result the reader may find it advan- 
tageous to read the various applications 
in the order presented even though 
there is no serial functional relationship. 


External Inhibition 


External inhibition is the term ap- 
plied, classically, to the momentary 
diminution of conditioned response 
when caused apparently by the intru- 
sion into the experimental program of 
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an “extra” stimulus approximately in 
conjunction with the previously-estab- 
lished conditioned stimulus (5, p. 44). 
Since the classical concept of inhibition, 
as an active suppression of conditioned 
response, is not part of the BA theory, 
an explanation is to be sought in terms 
of some other mechanism. The £ func- 
tion seems adequate to account for the 
facts though at present no quantitative 
results are available. It is also neces- 
sary to postulate an orientation reflex 
in order to complete the explanation. 
For the present we assume that the 
orientation reflex excites various kines- 
thetic receptors which, by actuating 
their delta cells, depress E. 

If we take the point of view that 
the conditioned stimulus is actually a 
signal, it naturally follows that the 
strength of the habit and its overt re- 
sponse should be related to the strength 
of the unconditioned stimulus, not to 
the magnitude of the signal which 
evokes it. The Z function (Postulate 


cs 
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15) is designed for this property by 
decreasing E to compensate for increase 
in pulse rate of signal and thereby caus- 
ing pulse rate of responding to be rela- 
tively constant. Strong signals give 
high pulse rates which are approxi- 
mately offset in the motor cell by a 
corresponding reduction in EZ (Postulate 
14). If now an extra stimulus is ap- 
plied it also reduces Z but without con- 
tributing a corresponding conditioned 
output pulse rate, hence, the condi- 
tioned response is lowered in magnitude, 
or disappears if the disturbing stimulus 
is sufficiently strong and effectively 
timed. This much requires no subsid- 
iary assumptions. In addition, and 
oftentimes more important, the extra 
stimulus excites the orientation reflex, 
depressing E still further. Of course, 
if the extra stimulus is applied regu- 
larly the orientation reflex declines in 
strength while EZ tends to recover. 
Referring to Fig. 10 we see there 
are two factors of significance: amount 
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of practice with the extra stimulus and 
proximity on the motor cell body of the 
two groups of delta cells. Assuming 
that the extra stimulus is not a close 
relative of the established conditioned 
stimulus and that this relationship is 
maintained on the motor cell body we 
see at once that the extra stimulus or 
its derivative, the orientation reflex, 
must be fairly strong in order to estab- 
lish a noticeable E gradient in the motor 
cell body. With this initial condition 
external inhibition is observable ex- 
perimentally as shown in the upper 
part of Fig. 10. After practice the 
orientation reflex diminishes as shown 
in the middle diagram of Fig. 10 and, 
E now being nearly normal, external 
inhibition disappears (5, p. 46). The 
lower part of the same figure indicates 
that an extra stimulus closely related 
to the established conditioned stimulus 
may not result in external inhibition if 
it causes the response of the conditioned 
delta cell to increase sufficiently to off- 
set the decreased E. An example is the 
deflection of the basilar membrane of 
the ear near the primary point of stimu- 
lation. 

Pavlov (5, p. 28) has noted that 
learning time is shortened as the animal 
becomes accustomed to the laboratory. 
The same type of mechanism applies 
except that it is the Q function which 
is reduced in magnitude by extra stim- 


uli. As the orientation reflex declines 
in strength the rate of learning in- 
creases. 

The arpeggio paradox of Humphrey 
(4) is attributed to the same mecha- 
nism as external inhibition. 


Summation 


Figure 11 depicts the phenomenon of 
summation of conditioned reflexes (6, 
p. 313). The pulse rates add (except 
for pulses which interfere—see Postu- 
late 10) and the more latent cell is sub- 
ject to extinction due to the disabling 
function. 


Avoidance Learning 


The typical experimental setup con- 
sists of, say, a dog, a metal plate elec- 
trode upon which its foot rests, an elec- 
trode fastened to the same leg, and a 
high voltage source. Application of 
shock causes flexion of the leg—an un- 
conditioned motor response. 

The usual procedure is to apply a 
signal for several seconds and then the 
shock. The usual result, when stripped 
of complexities, is that after a number 
of trials the dog flexes his leg upon 
hearing the signal and avoids the shock. 
Conventionally, the dog learns to flex 
its leg and is rewarded by avoidance of 
expected shock; accordingly the habit 
should persist indefinitely since it is 
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regularly reinforced, yet it is generally 
conceded that the dog must be “re- 
minded” now and then (2, p. 94). 

The BA theory indicates that extinc- 
tion starts with the first successful con- 
ditioned response because the shock, 
which is the reinforcement, is not ap- 
plied but is avoided. After several such 
non-reinforced trials the weak habit has 
declined in strength to the point where 
it no longer suffices to cause flexion 
within the signal period and reinforce- 
ment is again automatically applied. 
The decline in strength has been selec- 
tive since, as usual, the delta cells of 
shorter gamma phase and high decre- 
ment factor have contributed most to 
the loss. Conditioned cells with a suffi- 
ciently long ¢ ~ma phase have been 
untouched by chain of events. The 
habit strength builds up again but this 
time with fewer trials because of the 
incomplete extinction (it is assumed 
that an overt response requires some 
finite minimum amount or percentage 
of conditioning). Reaching sufficient 
strength the habit is again actuated 
without reinforcement and the cycle 
repeats. By a process of differentiation, 
based on the gamma phase, the animal 
gradually learns to make many success- 
ful responses in series but it never gets 
to the point where it doesn’t have to be 
“reminded” occasionally because the 
maximum gamma phase duration sets a 
limit to the process. 


Generalization and Differentiation 


Generalization is essential to survival 
—an animal must be able to react to 
an approximation of the original stimu- 
lus situation or useful conditioning 
would be impossible; and, differentia- 
tion if it is to be “durable” must finally 
become and remain substantially inde- 
pendent of the relative number of rein- 
forced and non-reinforced trials. 

Generalized neurons are provided for 
in Postulate 6. For this section we are 
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assuming that a generalized neuron has 
a receptor arrangement such that it re- 
sponds when any neuron in the same 
field is stimulated. The exact proper- 
ties are immaterial for the present dis- 
cussion provided only that the postu- 
lated mechanism is possible. The de- 
gree of reaction is assumed independent 
of location of stimulation within the 
field—it is not only generalized, it is 
equalized. 

In living intact organisms adjacent 
receptors are functionally related merely 
because they are physically imbedded 
in the same tissue. When the auditory 
mechanism, for example, is stimulated 
with a pure sine wave of a given fre- 
quency the basilar membrane deflects 
and receptors of adjacent frequencies 
are also stimulated but to a lesser de- 
gree (1, p. 44). This in itself is gen- 
eralization but probably of insufficient 
degree to account for the facts. If now 
we invoke the participation of the 
above-mentioned generalized neurons 
and superimpose the peaked localized 
action on the equalized action we get 
the observed results: conditioning on 
the basis of a particular frequency gives 
responses of gradually diminishing size 
when tested with frequencies of in- 
creasing divergence from the original 
stimulus (3, p. 136). This assumes, of 
course, that both the specialized and 
generalized neurons compete for con- 
trol of the response without being able 
to exclude one another. They are in 
fact components of a compound stimu- 
lus as viewed by the nervous system; 
for the intact organism there are no 
simple stimuli. 

If the above arrangement is now sub- 
jected to a program of selective rein- 
forcement, in which tone A, say, is 
always reinforced while adjacent fre- 
quencies are not, the generalized neu- 
rons and the unfavored specialized 
neurons enter an unstable group and 
surrender their control to tone A (5, 
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p. 120). As noted earlier, once a delta 
cell in the stable group appropriates a 
motor neuron, it successfully resists the 
encroachments of all other delta cells— 
differentiation becomes and remains 
substantially independent of the rela- 
tive number of reinforced and non- 
reinforced trials. 


Compound Stimuli 


The individual components of com- 
pound conditioned stimuli appropriate 
a share of the available motor neurons 
roughly in proportion to their relative 
magnitudes (5, p. 142). This is true 
because the components are parts of a 
stable group, they compete for control 
of each motor neuron, and individually, 
they are unable to gain exclusive con- 
trol of all the motor neurons. 

If a compound of two components, 
A, the smaller component, and B, is 
entered into an experimental program 
in which the compound AB is rein- 
forced and the component B when ap- 
plied singly is never reinforced, we find 
that B loses its share of the conditioning 
to A and AB. Since periodic recondi- 
tioning is a factor, through the mecha- 
nism of gamma-phase differentiation, in 
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this and many similar problems, Fig. 12 
is set up to show in greater detail the 
process of transferring the conditioning 
to the other components—the weaker 
and the compound. It will be noted 
that the diagram shows individual delta 
cells on one motor cell but each delta 
cell represents a group when all motor 
cells are considered; also, the higher 
subscripts have been omitted. 

Neurons B, and G; are driven to ex- 
tinction while B, and Ge, possessing a 
longer gamma phase, easily survive oc- 
casional non-reinforced trials. Neurons 
B, and Gz compete with A;, A,B,, Ao, 
and A2Bz, for control of the conditioned 
reflex and there is no way for one to dis- 
place the other. Therefore periodic re- 
conditioning will, to some extent, pre- 
vent successful differentiation if the 
non-reinforced trials are limited to one 
at any time; in order for differentiation 
to components alone to be effective it 
is necessary to remove gradually the 
effects of periodic reconditioning by 
placing an increasing number of non- 
reinforced trials in series. This dis- 
criminates against periodic recondition- 
ing and allows the latter group to gain 
nearly complete control. Of course if 
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Fic. 12. The essential elements concerned in the establishment of classical conditioning, based 
on the bipolar component of a compound stimulus, are shown with the interfering elements of 
sme y thn reconditioning. The motor cell has been omitted. The same legend applies to subse- 
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Fic. 13. Conditioned inhibition is here attributed to the so-called zero-ratio bipolar neuron. 


the control is gained at a faster rate 
than periodic reconditioning the above 
effect will be obscured and the results 
will comply with the observations of 
Pavlov. Note that, in living organisms, 
A;B, is probably a large component 
since one element is actuated by a rela- 
tively strong stimulus. On the other 
hand components with higher subscripts 
are relatively small as indicated by the 
distribution of decrement factor (Pos- 
tulate 17). These facts favor success- 


ful differentiation in spite of interfer- 
ence by periodic reconditioning. 


Conditioned Inhibition 

Classically, conditioned inhibition is 
conceived to be an active suppression 
of conditioned response (5, p. 75). 
The evidence is impressive yet capable 
of other interpretations. The term in- 
hibition has been applied to many phe- 
nomena now believed to be quite di- 
verse in mechanism. 

Let us assume that response is ex- 
pected from application of tone A but 
not when accompanied by tone B and 
arrange reinforcement accordingly as 
shown in Fig. 13. The AB, connection 
is actuated only when A is given and B 
is zero, and, being regularly reinforced, 
is in the stable group which gradually 
dominates the conditioned reflex by ap- 
propriating all the available motor cells 
and excluding the generalized and A 
groups. It should also be noted that 


the “zero” pole is in effect an active 
inhibitory mechanism in the classical 
sense except for the fact that it is not, 
in itself, a learning mechanism since no 
conditioning takes place. 


Stimulus Patterns 


The BA approach to this problem is 
based on the properties of multipolar 
neurons. The author proposes to dem- 
onstrate that some of the complexities 
of auditory phenomena can be reduced 
to explanations in terms of mechanisms 
possessing relatively simple principles. 

It is a matter of casual experience 
that we can recognize people we know 
by their voices alone. The differentia- 
tion, as usual, is based upon the en- 
vironmental factor which remains con- 
stant throughout a series of trials. In 
this case it is the relative strengths of 
the harmonics in the sound. Figure 14 
depicts the elements involved in the 
differentiation. 

We have a generalized group G, the 
fundamental tone F, and two ampli- 
tudes of its second harmonic, H, and 
Hy. The bipolar neurons are equipped 
with a receptor sensitive to the funda- 
mental frequency and one sensitive to 
the second harmonic, but the combining 
element, by assumption of particular 
properties, will relay the signal only 
when a specific ratio exists between the 
strength of stimulation of F and H. As 
a result of this provision the two bipolar 
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neurons will never be actuated simul- 
taneously by any given sound “quality” 
consisting of fundamental and second 
harmonic. Extension of this arrange- 
ment to sounds of greater harmonic 
complexity can be effected by neurons 
having more than two poles. Differen- 
tiation takes place in the usual manner. 

One fact has been omitted in the 
above over-simplified version: the fre- 
quency, H, has two amplitudes, one of 
which is reinforced and one is not. An 
increase in amplitude of stimulation 
actually brings additional receptors into 
action or, since the postulate of pulse 
rate includes no finite threshold, in- 
creases probability of conditioning to a 
significant level. Some of the mono- 
polar neurons therefore are actuated on 
only part of the trials and differentia- 
tion is possible outside the specialized 
bipolar groups. Except in a laboratory, 
however, the intensity of sound varies 
considerably and consequently the bi- 
polar mechanism provides the only sta- 
ble group and hence controls the re- 
sponse. 

Sounds, of course, are not confined 
to one fundamental frequency. It is 
possible, however, to place a multitude 
of bipolar combining elements in paral- 
lel with their outputs leading into one 
conducting element. If the bipolar ele- 
ments have their fundamental frequen- 
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cies distributed throughout the audio 
spectrum and all are sensitive to the 
same ratio of fundamental to second 
harmonic, we will have a ratio detector 
independent of frequency. Now it is 
quite probable that the second and 
fourth harmonics (which are the funda- 
mental and second of another fre- 
quency) will excite the detector of some 
other ratio. This means that there will 
be an additional component competing 
for control and one which can be elim- 
inated by selective reinforcement. The 
rest is familiar ground. 

At this point we remember the exist- 
ence of the latency elements and per- 
ceive at once that if we don’t restrict 
ourselves to harmonic relationships, the 
problem of recognizing a melody in an 
unfamiliar key is automatically in- 
cluded in the above discussion. 


Instrumental Conditioning 


In the discussion on avoidance learn- 
ing, which was not explicitly treated as 
instrumental conditioning, we assumed 
a noxious stimulus which would directly 
actuate the desired unconditioned re- 
sponse. This is equivalent to exclusion 
of spinal mechanisms; in fact, the BA 
theory, as delineated in this paper, is 
restricted almost entirely to the condi- 
tioning mechanism itself. 


F Ho 


0 0 


Fic. 14. Sound-pattern discrimination is but a form of differentiation identical in 
principle with previous examples. 





Tue Brain ANALOGY 


Instrumental conditioning naturally 
involves spinal mechanisms. The struc- 
ture and properties of the spinal cord 
lend support to the belief that any stim- 
ulus affects all final common paths to 
some extent even though the amount 
may not be easily detectable in the 
overt behavior. Furthermore, although 
some path is ordinarily prepotent for 
a particular stimulus, it is probable that 
the static hierarchy of responses is often 
violated by various random stimuli and 
the effect of varying thresholds. No 
doubt there are limitations to these 
processes but it is conceivable that dif- 
ferentiation operating on such a mech- 
anism is sufficient to bring about one 
of the observed results: escape from a 
noxious stimulus by means of a speci- 
fied, distantly related, response (escape 
learning). 

We propose to demonstrate in this 
section only that if the noxious stimu- 
lus actuates several motor nerves in 
succession, if the hierarchy of responses 
is not perfect, and if the experimental 
program terminates the noxious stimu- 
lus upon elicitation of a specified re- 
sponse, differentiation is an adequate 
mechanism to explain escape learning. 

Without denying a direct stimulus- 
response relationship we assume that 
the experimental environment is not 
completely controlled, that variations in 
posture exist, and that these are suffi- 
cient to cause variations in uncondi- 
tioned responses even under seemingly 
ideal theoretical conditions. The situa- 
tion, then, can be expressed in terms of 
probability: A chance relationship ex- 
ists between the timing of the noxious 
stimulus and the various possible com- 
binations of postural reflexes, thresh- 
olds, etc. The static hierarchy of 
responses can be assigned numerical 
values of probability but these values 
fluctuate from moment to moment with 
the result that a perceptible degree of 
randomness exists. 
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With the above assumptions all pos- 
sible responses will be forthcoming in 
time and each response can be expected 
to fail occasionally. Each stimulus that 
elicits a response is reinforcement and 
causes conditioning between it and the 
conditioned stimulus which in this case 
must also be the shock. Since there is 
a hierarchy of probability of responses 
we expect the most probable to condi- 
tion at the highest rate and expect overt 
escape learning to be delayed roughly 
in proportion to the degree of “remote- 
ness” between noxious stimulus and 
specified response. Conditioning, and 
responding, act to alter the effective 
thresholds and hierarchy of responses 
so that “incorrect” learning is indicated 
until the conditioned specified response 
has sufficient strength to compete on 
more favorable terms. As the competi- 
tion improves, the probability is greater 
that the specified response will be elic- 
ited before one or more of the condi- 
tioned incorrect responses, and each 
time this occurs the reinforcement is 
terminated in accordance with the ex- 
perimental program and some decre- 
ment occurs in each nerve not rein- 
forced (the conditioned stimulus is ex- 
cited for all nerves). 

We now have the familiar situation 
of stable and unstable groups—each 
trial continues until the specified re- 
sponse is elicited. But these groups 
are not competing for the same motor 
cells and they cannot directly exclude 
one another as with classical condition- 
ing. Nevertheless the incorrect re- 
sponses gradually decline in frequency 
due to the gradual elevation of the 
specified response to the head of the 
hierarchy. With this theory we never 
expect perfection in response but only 
a relatively high probability. 

Since the shock is both conditioned 
and unconditioned stimulus we have 
to account for the fact that condition- 
ing occurs in spite of their apparently 
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simultaneous application. It is believed 
that the unconditioned responses of the 
intact animal subjected to the condi- 
tioning routine are actually due to com- 
pound stimuli (the postural reflexes, 
etc.) of which the shock is but one com- 
ponent. If this belief is well founded 
it is apparent that each response is 
elicited separately as part of a more or 
less random sequence and hence all but 
the first must occur after the beginning 
of the conditioned stimulus. No ob- 
stacle to the theory from this source 
occurs until the stage is reached when 
the specified response is elicited first. 
Here we can make additional assump- 
tions, or better yet, plead ignorance of 
the exact facts. 

With hunger drive in place of shock 
the principle is substantially identical. 
The reader can reach this conclusion by 
assuming that hunger merely sensitizes 
the locomotion and postural system to 
the point where the usual random stim- 
uli are effective unconditioned stimuli. 
It is also postulated, informally as yet, 
that food causes a momentary dynamic 
reduction in drive (or the animal would 
continue locomotion and leave the scene 
of the food) which terminates the effect 
of further reinforcing stimuli. 

The conditioned stimuli for instru- 
mental conditioning may be either sim- 
ple or compound but only the compound 
stimuli possessing a component repre- 
senting the drive are useful because 
they are the only ones which will be 
actuated when reinforcement is prob- 
able. 

Consider finally the mechanism com- 
mon to these phenomena. A dog flexes 
his leg and (not to) escapes shock (or 
hunger drive, etc.), successful escape 
maintains the habit at the top of the 
hierarchy, and failure to escape drives 
the habit to extinction if, and only if, 
another response is successful. Avoid- 
ance learning follows exactly the same 
pattern and is in fact escape learning 
up to the point where avoidance suc- 
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ceeds, when, reinforcement being nil, 
the habit declines and has to depend on 
periodic reconditioning. 


SUMMARY 


Although we have endeavored at 
times to raise a superstructure where 
the foundation seemed inadequate, cer- 
tain contributions toward the principles 
of intelligent mechanisms may have en- 
during value. Reference is made to the 
demonstration of the necessity for sta- 
ble stimulus differentiation and the fact 
that a functional mechanistic principle 
has been provided. Likewise, the multi- 
polar neuron, which is not a structurally 
accurate representation of anatomical 
data, nevertheless presents a functional 
principle of more than transitory worth. 
But most important of all, and in the 
words of the first sentence of this paper, 
the Brain Analogy is an instrument for 
research; it is expected that a physical 
basis for behavior theory will accelerate 
progress. 
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TWO KINDS OF EXPERIMENT DISTINGUISHED IN 
TERMS OF STATISTICAL OPERATIONS 


BY MELVIN R. MARKS 


Personnel Research Section, AGO 


The work which a scientist does when 
he is “finding out” something has been 
variously called research, investigation, 
study, inquiry, examination, etc. Un- 
derwood (9) dichotomizes experimen- 
tal problems into the “I-wonder-what- 
would-happen,” and the “I-bet-this- 
would-happen” types. Mann? selects 
for distinction the terms “inquiry” and 
“research”: The former proceeds with- 
out theory, whereas the latter is gen- 
erated by theory and is reflexive, i.e., 
the results of research modify the 
constructs of the basic theoretical ma- 
trix. Both Underwood and Mann 
point out that basically there is a 
difference between just “finding-out,” 
and “finding-out-if-a-hypothesis-is-con- 
sistent-with-fact.” From this stand- 
point a distinction might be made on 
the basis of necessity for control. In 
“finding-out” control might be dispensed 
with, since control must always be with 
respect to something, and in “finding- 
out” that something is what is sought. 
On the contrary, in “finding-out-if- 

,»’ control is necessary properly 
to evaluate results. 

The writer believes that some sort of 
distinction is necessary, that it is best 
made in terms of statistical operations, 
and that it has important implications 
for the validity of conclusions drawn 
from results. What is needed first are 
two terms relatively free of connotations 
bearing on possible distinctions. While 
“inquiry” has been little used, “re- 
search” has been overused—and in a 
wide variety of meanings. To avoid 
ambiguity, the terms “experimenta- 


1 From unpublished seminar discussions. 


tion;,” and “experimentation;,;” have 
been selected. 

A brief review of the statistical con- 
cepts relevant to the distinction will be 
helpful. Most current texts discuss 
them in part, but it is believed that the 
synthesis proposed here is new. At any 
rate such synthesis should be of value 
to those psychologists engaged in “ex- 
perimentation” who have not found 
time to peruse thoroughly the introduc- 
tory material of the more advanced sta- 
tistical texts. 

Statistical Hypothesis. This is any 
testable assumption about parametric 
values. Typical parameters are popu- 
lation mean, population variance, dif- 
ference between two population means, 
etc. As examples, we might make sev- 
eral statistical hypotheses about the 
populations from which two sample 
groups, say A and B, were drawn: 

“There is no difference between the 
means of the populations from which 
A and B were drawn”—algebraically, 


(m4 — mz) —0=0. (1) 


“The population means of A and B 
differ by 5 points.” 
(m4 —ee Mp) -5= 0, (2) 


or, more generally, 


(m4 — mz) -K=0 
(K = any constant). (3) 


Note that in each of the three equa- 
tions, the quantity (m4 — mz) is given 
a positive sign. In effect, a definite pre- 
diction is being made about the direc- 
tion of the difference in magnitudes. A 
completely generalized equation, 


( |m4 — mp| )-K=0, (4) 
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states, “the absolute difference between 
the means of the populations from 
which A and B were drawn does not 
differ from some constant K.” 

It is assumed frequently that (4) 
represents the classical “null hypothe- 
sis.” Actually, (1), (2), and (3) are 
null hypotheses as well. In each case 
the hypothesis is that the parametric 
difference between some assumed dif- 
ference andia given constant is zero. 
In each instance the right side of the 
equation is the null which is to be 
tested. 

Level of Confidence, Statistical Sig- 
nificance, etc. When the test of a sta- 
tistical hypothesis yields an estimate 
of the probability that the null is ten- 
able, it is customary to say that the 
results are “significant” if the associated 
probability, ~, is less than some value 
chosen arbitrarily in advance of the 
test. For the purpose of this paper the 
statement, “significant at the 5 per cent 
level,” means that the hypothesis tested 
was of the form (1), (2), (3), or (4), 
and that the associated p < .05. 

Type I Error. Suppose that A and B 
are each groups of 11 children for whom 
I.Q.s have been determined. Let the 
mean difference in I.Q. be 4.172, and the 
standard error of that difference be 2. 
With these data, ¢ = 2.086, d.f. = 20, 
and p= .05. An investigator using the 
5 per cent level would conclude that 
there is a sigsificant difference. Two 
possibilities exist: either there is a dif- 
ference in the population means, or 
there is not. If, actually, there is a dif- 
ference, his conclusion would be cor- 
rect; if, actually, there is no difference, 
i.e., both groups come from the same 
population, he has erroneously falsified 
the null. The false rejection of the null 
hypothesis is called a Type I Error. 
Note that the probability of occurrence 
of a Type I Error is determined ab- 
solutely by the level of confidence 
adopted. In the example the 5 per 
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cent level was chosen; hence, by defi- 
nition, there are 5 chances in 100 of a 
random fluctuation which would lead to 
a ¢ significant at that level. 

Type II Error. This may be illus- 
trated by recasting our example. Sup- 
pose that the two groups of children 
came from populations whose means 
differed by 2 I.Q. points; that the dif- 
ference between the means of the sam- 
ples was also 2 points (i.e., “perfect” 
sampling), and that the standard error 
estimated from the sample difference 
was again 2 points. In this case, ¢ = 1, 
d.f.= 20, p> .30. The same investi- 
gator would conclude erroneously that 
the null was tenable. The failure to re- 
ject the false null is called a Type II 
Error. 

The power of a statistical test is de- 
fined as the probability that a Type IT 
Error will mot occur. Unlike the case 
of the Type I Error, the probability of 
a Type II Error cannot be fixed by the 
investigator, since it is a function of 
three variables, only two of which are 
under the investigator’s control. The 
variables are: (1) the sample size; as 
N increases probability of Type II 
Error decreases (power increases), i.¢., 
a parametric difference is more likely to 
be found if the sample is large; (2) the 
probability of Type I Error (per cent 
level of confidence chosen by the in- 
vestigator); as the level increases (in 
the sense that a 5 per cent level is an 
increase over the 1 per cent level), 
probability of Type II Error decreases 
(power increases), i.¢., it is more likely 
that a parametric difference will be de- 
tected with the 5 per cent level than 
with the 1 per cent level; (3) the rela- 
tive magnitude of the parametric differ- 
ence; as the magnitude (in standard 
error units) increases, probability of 
Type II Error decreases (power in- 
creases), i.¢., if the population differ- 
ence is large it is likely that such dif- 
erence will be detected in the sampling. 
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It is obvious that (3) above is un- 
known to the investigator. It should 
be noticed that, unless the hypothesis 
tested includes a definitive statement 
of the relative magnitude of the para- 
metric difference, the power of the test 
is indeterminate. For example, given 
the hypothesis that m4 > mg, without 
qualification as to the magnitude of the 
difference, the power cannot be com- 
puted; but, if m4 and mz are assigned 
definite values, the power may be com- 
puted. Neyman and Tokarska (7) 
have tabulated the power of the ¢-test 
for various levels of confidence (Type I 
Error), sample sizes, and parametric 
differences. For example, with 20 d,f. 
at the 5 per cent level, if the parametric 
difference is 4.12 standard error units, 
power = .99, i.e., probability of Type 
II Error = .01; with 1.70 parametric 
difference, power decreases to .50; with 
.39 units of parametric difference, power 
decreases to .10. Increase in power 
with increase in N is slight. For in- 
finite d.f. at the 5 per cent level, 3.97 
units of ‘parametric difference give 
power of .99; 1.64 give power of .50, 
and .36 give power of .10. Johnson 
(5, p. 68) cites several papers where 
power functions of other tests are tabu- 
lated. 

Two-Tailed Tests. In the two exam- 
ples concerning the difference in group 
1.Q., the sign of that difference was not 
stipulated. Those examples were tests 
of the null expressed as in equation (4). 
The sign of ¢ was not at issue; m, could 
have exceeded mz, or vice versa. Tests 
made on this basis are called two-tailed 
tests, because both tails of the symmet- 
rical distribution of ¢ or x/o are con- 
sidered in determining the associated 
probability. The tables of ¢ and x/a 
are misleading in that only positive val- 
ues of the statistic are tabulated, but 
the associated probabilities are for two- 
tailed tests. Although the distribution 
of Chi* is not symmetrical, here too 
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tabular probabilities are for two-tailed 
tests, i.e., the probability of frequency 
discordance in either direction from the 
hypothetical; note, however, that Chi?, 
being a sum of squares, is necessarily 
always positive. Similarly, the F-ratio 
is always positive, but here too, tabled 
values refer to probabilities of chance 
plus or minus differences among the 
means of the treatments—thus the F- 
test as usually used is a two-tailed test. 

One-Tailed Tests. Suppose that, in 
the example concerning the children’s 
1.Q.s the investigator had predicted be- 
fore the measurements were taken that 
m4 > my. The experimental hypothe- 
sis would fail obviously if m4 < mp, by 
no matter how slight an amount. The 
investigator in making his test should 
exclude exactly half of the values which 
t might have, since he is interested only 
in the occurrence of ¢’s which bear a 
positive sign. This is quite legitimate 
since, in effect, he has agreed that all 
negative ¢’s will indicate an insignificant 
difference. His question is, given that 
m, does exceed mz, is the difference too 
great to be attributed to chance varia- 
tion at the level of confidence selected. 
The two-tailed test does not apply here, 
since only positive values of ¢ are con- 
sidered. The hypothesis is properly 
evaluated by using only one tail of the 
sampling distribution. The ¢ sought is 
that which might occur 10 per cent of 
the time if the null were true, since 5 
per cent, or half of the possible values, 
would occur in the positive direction. 
This ¢ = + 1.725, since + 1.725 would 
occur by chance 5 per cent of the time. 
Recall that the 5 per cent value for the 
two-tailed test is 2.086, and it will be 
seen that the investigator is much more 
likely to detect the parametric differ- 
ence if he uses the one-tailed test. 

The one-tailed test leads to a similar 
increase in power with other statistical 
tests as well. For the sampling distri- 
bution of x/o, + 1.96 and + 2.58 are 
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the values required for the 5 per cent 
and 1 per cent levels, respectively, when 
a two-tailed test is employed; for the 
one-tailed test the corresponding values 
are 1.65 and 2.33. When using the Chi? 
and F-tables with a one-tailed test, the 
value of the statistic which has an asso- 
ciated probability double that of the 
level of confidence selected is the value 
which must be reached for falsification 
of the null. That value is always less 
than would have been required if a two- 
tailed test were used. 

We are now prepared to examine, or 
better to define, the distinction between 
experimentation; and experimentationy,. 
Experimentation, is that form of experi- 
ment to which two-tailed tests of the 
data are appropriate; experimentation; 
is that form of experiment to which one- 
tailed tests of the data are appropriate. 

It follows that (a) preéxperimental 
predictions and (b) use of one-tailed 
tests are severally necessary and to- 
gether sufficient for experimentation;,. 
The intention of the experimenter is not 
the controlling factor. Thus, if he de- 
cides to do experimentation,; but either 
fails to make a prediction or employs a 
two-tailed test he is actually engaged 
in experimentation;. Conversely, if he 
decides on experimentation; but pre- 
dicts the direction of his results and em- 
ploys a one-tailed test, he is actually 
engaged in experimentation;;. 

The experimental distinctions are not 
mere verbal quibbles. We may exem- 
plify their importance first with a ficti- 
tious problem, then with illustrations 
chosen from psychological literature. 

Suppose that the investigator of 
group differences in 1.Q. found that his 
sample means differed by 3.9 LQ. 
points, and that the standard error of 
the mean differences was again 2.0. On 
these data ¢ = 1.95. If we suppose fur- 
ther that group B had been given spe- 
cial coaching designed to “increase” 
1.Q., while group A had been main- 
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tained as a control, it would appear that 
the investigator thought he was engaged 
in experimentation;;. However, una- 
ware of the distinction made here, he 
consults the ¢-table and finds that the 
obtained value of 1.95 falls short of the 
2.086 required for the 5 per cent level. 
He concludes that the special treatment 
given to group B was ineffective in in- 
creasing 1.Q. Actually, by using the 
right test (one-tailed), he would fulfill 
the requirements for experimentationy,, 
and his results would be significant at 
the indicated level. 

It is not difficult to find instances 
where investigators have done experi- 
mentation;, under the illusion that they 
were doing experimentation;;. Tinker 
(8) had Ss read two forms of his Speed 
of Reading Test, the first under “ordi- 
nary” conditions, the second while the 
reading table was vibrated mechani- 
cally. He predicted that vibration 
would cause fatigue which would in 
turn lead to a decrement in reading 
speed. His results bore out the pre- 
diction. He also used a control group 
who read both forms under “ordinary” 
conditions. Here there was a critical 
ratio of 2.52 in favor of the first read- 
ing. He employed a two-tailed test at 
the 1 per cent level and found the dif- 
ference could be attributed to chance 
(2.58 was needed). He might have pre- 
dicted that there would be some fatigue 
in the second reading, even though the 
table was not being vibrated. Such pre- 
dicted decrement with a one-tailed test 
would have been significant at the 1 per 
cent level. Tinker’s results with the 
control group amount to experimenta- 
tion;, not experimentationy,. 

Kircheimer, Axelrod and Hickerson 
(6) studied college students who: (1) 
changed their majors and (a) were 
counseled, (b) were not counseled; and 
(2) did not change their majors and (a) 
were counseled, (b) were not counseled. 
They predicted that, of the groups 
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who changed majors, those who were 
also counseled would show the greatest 
increase in grade point average. The 
critical ratio (in the direction of the 
prediction) was 1.84. The writers said 
that this was significant at the 7 per 
cent level, and had they employed a 
5 per cent level criterion, the result 
would not have been significant statisti- 
cally. Had they employed a one-tailed 
test as they should, the result would 
clearly have been significant at the 5 
per cent level. These writers too have 
failed to draw the distinction between 
experimentation; and experimentation;; 
and their results have appeared less 
critical thereby. 

Gagné (4) predicted that,. when 
highly similar items were grouped to- 
gether, learning of serial lists would be 
accomplished in a shorter time than 
when such items were separated. The 
results were in the predicted direction 
with a critical ratio of 1.69. Gagné 
stated that the probability of occurrence 


of a deviation in the expected direction 


was 4.6 per cent. He correctly used a 
one-tailed test. Had he used the two- 
tailed test and adopted the 5 per cent 
level, he would not have found signifi- 
cant differences, and the prediction 
would appear to have failed. He rightly 
distinguished between experimentation, 
and experimentation;y. 

The example concerned with Tinker’s 
results was predicated on the basis that 
the direction of the decrement in read- 
ing decrement could have been pre- 
Cicted before the data were in. It must 
be emphasized that the one-tailed test 
is not justified unless the prediction is 
made prior to the data. If an investi- 
gator begins a study without preconcep- 
tions of results, and on studying those 
results generates a theory which will 
account for them, he cannot accept such 
afterthoughts as predictions, i.e., switch 
—on the spot—from a two-tailed to a 
one-tailed test and pride himself on do- 
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ing experimentaiion;;. He can use the 
results to predict future data. If he 
makes the switch after collecting the 
data, he has, in effect, increased the 
probability of committing a Type I 
Error without realizing it. If he uses 
the 5 per cent level on a one-tailed test, 
this is equivalent to the 10 per cent 
level with a two-tailed test, and he has 
unwittingly doubled his level of confi- 
dence: a d:ingerous departure from sci- 
entific conservatism. Burke (1) and 
Cronbach (2) have pointed out the in- 
flation of level of confidence which oc- 
curs with either adding more subjects 
on the basis of already gathered data, 
or “shopping around” in compiled data 
for comparisons which are likely to 
show significant differences. 

The experimentery; is in possession of 
a statistical tool not at the disposal of 
the experimenter;. He is not limited to 
the prediction of results in a particular 
direction, but he may frame his hy- 
pothesis in such a manner that the 
magnitude of the parametric difference 
is included as well. For example, again 
referring to the comparison of group 
I.Q.s mentioned previously, the research 
worker might use an hypothesis of the 
form of equation (3), where the stipu- 
lated difference attributable to the 
“coaching” may be arbitrarily small. 
In this case, if the null remains tenable 
in light of the data, the theory is not 
rejected, whereas in experimentationy,, 
the null is of the form of equation (1) 
and, if there were theory, that theory 
would appear to have failed. This tool 
should be used with caution. No the- 
ory is particularly valuable if it predicts 
differences which are impracticably 
small. For instance, if the same coach- 
ing were expected to increase I.Q. by 
.5 points, the theory might remain ten- 
able but the question “So what?” sug- 
gests itself. In this vein, Edwards (3) 
has distinguished “practical” from “sta- 
tistical” significance. The experiment- 
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ery, should ever attempt to increase the 
power of his tests. If he is at liberty 
to set up experimental situations he 
should endeavor to maximize paramet- 
ric differences since these contribute to 
test power. It follows that, in new 
areas experimentation,;; might wisely be 
limited to the comparison of extreme 
instances, rather than include the at- 
tempted distinction of subtle differ- 
ences. 

In summary, experimentation;;—as 
distinguished from experimentation;— 
is characterized by predictions and one- 
tailed tests of significance. It has in- 
herently greater statistical power and 
increases the productivity of investiga- 
tion. 
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RESPONSE-SELECTION IN DISCRIMINATIVE LEARNING 


BY PHILLIP WEISE AND M. E. BITTERMAN 
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In a recent issue of this JoURNAL 


(13) Nissen contrasts two sets of terms. 


which have been used to describe the 
behavior of animals in discrimination- 
situations. One set of terms is re- 
sponse-oriented; the animal is reported 


to “turn to the right” or to “turn: 


to the left” in the presence of a given 
pattern of stimuli. This description 
implies that each spatial arrangement 
of the stimuli to be discriminated 
constitutes a discrete configuration for 
which the animal must select an appro- 
priate response. The second set of 
terms emphasizes the acquisition of 
functional significance by afferent com- 
ponents and ignores the precise char- 
acter of the movements involved in the 
solution of the problem; the animal is 


reported to “approach” one stimulus 


and to “avoid” the other. As Nissen 
remarks, “Even introspective evidence 
suggests a critical difference: ‘reaching 
towards the right’ (when green happens 
to be at the right, red at the left), is 
not the same thing as ‘approaching (or 
reaching towards) green’ ” (13, p. 121). 

Nissen recognizes that, for higher or- 
ganisms at least, both terminologies 
may find application (according to the 
nature of the discrimination-problem in 
question), but he is inclined to believe 
that the approach-avoidance formula- 


Sblack—®approach 
rather than as 
Sblack-white—®left 





tion will cover all cases of discriminative 
learning. Nissen describes an experi- 
ment with chimpanzees which may seem 
to suggest both the validity of the dis- 
tinction which he emphasizes and the 
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interpretation which he defends. A 
group of animals was trained to obtain 
food in an apparatus which presented 
black and white cards in an up-down 
relation (one above the other). The 
task of the animals was to select one of 
the two cards on each trial irrespective 
of whether it appeared in the upper or 
lower position. Other animals were 
trained in the same manner except that 
the cards appeared only in a right-left 
relation. When the animals of each 
group had reached the criterion of 
learning, they were shifted to the prob- 
lem of the other group. That is to say, 
animals trained in the right-left situa- 
tion were shifted to up-down, and con- 
versely. Computations by the method 
of savings revealed a large amount of 
transfer from problem to problem (66 
to 100 per cent), and Nissen concludes 
that these results can be accounted for 
only in approach-avoidance terms. 

It must be noted, however, that Nis- 
sen’s results are not unambiguous. Cer- 
tainly one cannot dispute his interpreta- 
tion of the behavior of animals showing 
100 per cent transfer. Clearly these 
animals had learned something which 
was relatively independent of motor 
functions. As Nissen suggests, perfect 
transfer can only be explained if we 
schematize the learning as 


Swhite—®avoidance 


Swhite-black—® right. 


But what can be said of animals show- 
ing only intermediate amounts of trans- 
fer? Some disturbance was produced 
either by the changed perceptual con- 
figuration, gua percept, or by the change 
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in the appropriate response, or both. 
Instances of less than complete trans- 
fer deprive the approach-avoidance for- 
mulation of complete generality. 

The most explicit statement of the 
response-oriented interpretation of dis- 
criminative learning is to be found in 
the position of Gulliksen and Wolile (5, 
6). These writers maintain that each 
spatial arrangement of stimuli in a two- 
choice problem (e.g., black-left/white- 
right and white-left/black-right) must 
be considered as a discrete configura- 
tion, and that the process of learning 
such a problem is essentially a process 
of selecting the response appropriate to 
each configuration. Although the evi- 
dence which Gulliksen and Wolfle pre- 
sent in support of this interpretation is 
not crucial, a recent experiment by Bit- 
terman and Coate (2) has incidentally 
provided supporting data. In learning 
a brightness-discrimination on the black 
and white alleys of an elevated maze, 
the rats of Bitterman and Coate showed 
a significant tendency to master each 
spatial arrangement of the alleys at a 
different rate depending upon the na- 
ture and frequency of their experience 
with each situation in an earlier stage 
of training. If, as Nissen suggests, the 
animal learns only to approach one of 
the two stimuli and avoid the other, 
their spatial relation should make no 
difference—a deduction which is, in 
fact, the basis of his own experiment. 

The position of Gulliksen and Wolfle 
has been severely criticized by Lashley 
(7) who presents convincing evidence 
for its lack of complete generality. 
Lashley trained rats in a three-choice 
discrimination-situation, with three cir- 
cles differing in size as stimuli. His 
animals could master the problem when 
the largest circle was positive or when 
the smallest circle was positive, but not 
when the intermediate circle was posi- 
tive. Since all three problems involve 
the same six spatial arrangements of 
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the stimulus-cards and the same three 
responses (jumping to left, to right, or 
to center), the only difference being in 
the pairings of stimulus-arrangement 
and response, the view of Gulliksen and 
Wolfie does not make it possible to ac- 
count for the failure of the animals to 
master the intermediate-size, problem. 
We have noted thus far that both 
formulations under examination are con- 
fronted with certain difficulties. Lash- 
ley’s results with the three-circle prob- 
lem cast doubt upon the general valid- 
ity of the Gulliksen-Wolfle position,’ 
and the approach-avoidance position, as 
formulated by Nissen, cannot deal with 
the evidence of situational learning pro- 
vided by Bitterman and Coate, or with 
instances of less-than-complete spatial 
transposition reported by Nissen him- 
self. But while Lashley’s evidence is 
crucial, and undeniably limits the ap- 
plicability of the theory of Gulliksen 
and Wolfle, Spence’s elaborate and in- 
genious version of the approach-avoid- 
ance position (15) is not contradicted 
by the data considered up to this point. 
Spence’s theory falls rather clearly 
into Nissen’s approach-avoidance cate- 
gory. As Spence has written: “Discrim- 
ination learning does not consist .. . 
in the strengthening of one response 
relatively to another or others as in the 
case of problem-box learning, but in- 
volves, rather, the relative strengthen- 
ing of the excitatory tendency of a 
certain component of the stimulus com- 
plex as compared with that of certain 
other elements until it attains sufficient 
strength to determine the response” 
(15, pp. 429-430). The central as- 
sumption of Spence’s theory is that dis- 
crimination is the end-product of a 
continuous, cumulative process of ac- 


1 There is other evidence which contradicts 
the position of Gulliksen and Wolfle. Lash- 


ley’s succinct criticism serves only as an ex- 
ample of the sort of difficulty with which the 
theory is faced. 
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quisition of excitatory and inhibitory 
characteristics by components of the 
stimulus-situation. Consider, for ex- 
ample, a black-white problem which re- 
quires the animal to go to white ir- 
respective of its lateral position. ‘The 
course of discrimination may be de- 
scribed in terms of four principal af- 
ferent components, two of which are 
relevant (blackness and whiteness) and 
two of which are irrelevant (rightness 
and leftness). These components may 
have certain excitatory and inhibitory 
values even before the animal makes the 
first response (presumably derived from 
its previous experience). Suppose that 
the first trial is to black-left/white-right. 
If the combined excitatory values of 
blackness and leftness minus their com- 
bined inhibitory values exceeds the com- 
bined excitatory values of whiteness and 
rightness minus their combined inhibi- 
tory values, the animal will go to black- 
left (non-reinforced), thus increasing 
the inhibitory values of blackness and 
leftness. As the training continues (un- 
der conditions of spatial alternation) 
the irrelevant components are incon- 
sistently reinforced, whiteness is con- 
sistently reinforced, and blackness is 
never reinforced, until the black-white 
difference exceeds whatever difference 
may exist between irrelevant compo- 
nents, at which time the problem is 
solved. 

This theory can readily account for 
certain instances of situational learning 
in discrimination-problems. If, as in 
the experiment of Bitterman and Coate, 
-the animal comes to the black-white 
problem with a position bias (a marked 
difference in the excitatory values of 
leftness and rightness), the spatial ar- 
rangement which presents the positive 
stimulus on the preferred side will be 
mastered more readily than the reverse 
arrangement. Spence’s theory would 
also lead us to expect cases of less-than- 
perfect transfer in Nissen’s experiment. 
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Preéxisting differences in the excitatory 
values of rightness and leftness might 
cause difficulty for an animal shifted 
from the up-down problem to the right- 
left problem, and conversely. 

Although most of the experimental 
work on discriminative learning has 
been done with problems of the simul- 
taneous kind, in which two different 
stimuli are presented contiguously and 
the animal is required to choose one of 
the pair irrespective of spatial arrange- 
ment, another method is available which 
has crucial bearing on the problem at 
hand. Suppose that the stimuli to be 
discriminated are presented swucces- 
sively. For example, in a T-maze 
discrimination-apparatus the animal 
may be required to turn to the right 
when a tone of one pitch is sounded 
and to the left when a tone of a second 
pitch is sounded (12); or, the animal 
may be required to turn to the right 
when two white alleys are presented 
and to the left when two black alleys 
are presented (9, 10). Nissen recog- 
nizes that the ability of animals to 
master such problems poses a difficulty 
for approach-avoidance theory, which 
he attempts to save by assuming that 
such learning involves a complex, con- 
ditional type of solution. “The fact 
that such problems. are in general 
learned with relative difficulty,” he re- 
marks, “is in keeping with this inter- 
pretation” (p. 129). Actually, how- 
ever, there has been no systematic study 
of the relative difficulty of simultaneous 
and successive discrimination bearing 
on the theoretical question under con- 
sideration.*? Such a study would pro- 


2Grice (4) has used the terms “simultane- 
ous” and “successive” in a somewhat different 
sense. His experiment was designed to study 
the effects of opportunity for direct compari- 
son of the stimuli to be discriminated. Both 
of the problems mastered by his animals can 
be dealt with in simple approach-avoidance 
terms. 
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vide a crucial test of the approach- 
avoidance formulation. 

The experiment to be reported was 
designed to compare the relative diffi- 
culty of simultaneous and successive 
light-dark discrimination-problems. At 
each choice-point in a four-unit alley 
maze, one group of animals encountered 
one lighted alley and one darkened al- 
ley. The task of these animals was to 
go either to dark or to light irrespective 
of lateral position. A second group of 
animals found either two lighted alleys 
or two darkened alleys at each choice- 
point and were required to turn in one 
direction in the first case and in the op- 
posite direction in the second. Nissen 
has already predicted that the second 
problem should be more difficult, and 
Spence’s position leads to the same pre- 
diction. If stimulus-components ac- 
quire functional properties independ- 
ently and function together only in a 
summative manner, an animal con- 
fronted with the second problem must 
be expected, on any trial, to approach 
the preferred side (irrespective of the 
brightnesses presented at each choice- 
point) if there is a position preference, 
and either side at random if there is 
not. Learning cannot take place be- 
cause there is no stimulus-component 
which is consistently reinforced or non- 
reinforced.* Lashley must also predict 
that the simultaneous problem should 
be easier, not only because it does not 
require a conditional solution but also 
because it provides the animal with op- 
portunity for direct comparison of the 
stimuli to be discriminated (8). Only 
a theory such as that of Gulliksen and 
Wolfie leads to the prediction that the 
successive problem will be less difficult. 
The two configurations presented in the 


8 Mastery of the problem can be accounted 
for in terms of afferent neural interaction, but 
the extensive training required for stimulus- 
compounding leads to the prediction that the 
simultaneous discrimination will develop at a 
more rapid rate than the successive. 
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simultaneous problem (light-left/dark- 
right and dark-left/light-right) are 
probably more similar to each other 
and therefore should be more difficult 
to distinguish than those presented by 
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Fic. 1. Diagram of the apparatus. 
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the successive problem (double-light 
and double-dark). The results of the 
experiment to be reported are in accord 
with this prediction. 


APPARATUS AND PROCEDURE 


The apparatus employed, which is 
illustrated in Fig. 1, was a modification 
of Stone’s multiple discrimination-box 
(16). It consisted of a starting-box 
(8” x 8”), a food-box (8” xX 17”), and 
four identically constructed discrimina- 
tion-units, each incorporating a sepa- 
rate choice-point. Each alley was 12” 
long and 4%” wide. All walls were 
4%" high. The entire apparatus was 
painted flat black and the top was uni- 
formly covered with heavy-gauge hard- 
ware cloth. The apparatus had no 
floor, but was set on a sheet of black 
oilcloth which could be cleaned easily. 

The essential details of construction 
are indicated in Fig. 1. The hatched 
lines represent the hardware cloth top. 
The solid double lines drawn only in 
the first unit represent black metal bars 
used to support the sides. The double 
broken lines drawn at the starting-box 
and food-box show the positions of guil- 
lotine doors operated by the experi- 
menter from a position just back of 
the starting-box by means of a string 
and pulley system. The double broken 
lines in each discrimination-unit indi- 
cate the points at which partitions could 
be inserted in order to convert either 
alley into a cul. Each choice-point 
contained two 7% w., 115 v. lamps 
separated by a white partition which 
functioned as a reflector. The lamps 
were set in a V-shaped housing of clear 
plate-glass. Diffuse, indirect light from 
a fixture 6’ above the center of the maze 
dimly illuminated all of the alleys, thus 
permitting the animals to see the in- 
terior of the apparatus. Nevertheless, 
when one of the two lamps at a given 
choice-point was on and the other off, 
a sharp difference in the brightness of 
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the alternative pathways was produced. 
The experiment was conducted in the 
Dome Room of the animal laboratory 
at the University of Texas. 

Twenty naive albino rats ranging in 
age from 85 to 100 days were employed. 
The animals were divided into two 
groups. Group I, consisting of six 
males and four females, learned the si- 
multaneous problem, and Group II, five 
males and five females, learned the 
successive problem. 

In the simultaneous problem, one 
lamp at each choice-point was on and 
the other was off. The task of the ani- 
mals was to turn either in the direction 
of the lighted alley or of the darkened 
alley at every choice-point. Half the 
animals of Group I were required to 
go to light and half were required to 
go to dark. An incorrect turn at any 
choice-point led to a barrier, while a 
correct turn led to subsequent choice- 
points and eventually to the food-box. 
On each trial the stimuli were so ar- 
ranged as to require two right turns 
and two left turns. There were six 
possible turning orders (RRLL, RLRL, 
RLLR, LLRR, LRLR, and LRRL), 
which were employed equally often in 
random fashion on successive trials. 
At each choice-point, therefore, the ani- 
mal was required to go right on half 
the trials and left on half the trials, de- 
pending on which of the two lamps was 
lighted. 

In the successive problem, the lamps 
at each choice-point were either both 
on or both off. Half the animals of 
Group II were required to go right to 
double-light and left to double-dark, 
while the other half of the animals were 
required to respond in the reverse man- 
ner. As in the simultaneous problem, 
of course, an incorrect turn led to a 
barrier, while a correct turn led to sub- 
sequent units and finally to the food- 
box. Again, the stimuli were so ar- 
ranged that the animals were required 
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to make two right turns and two left 
turns on each trial. The same turn- 
ing orders were employed as for the 
simultaneous problem, and trials were 
matched so that animals of both groups 
were required to make the same se- 
quence of turns on any given trial. 
Throughout the experiment the ani- 
mals were kept on a 24-hour feeding 
schedule. During the first three days 
the animals were placed in the food-box 
and allowed to eat for several minutes. 
The apparatus was then set up in such 
a way that only one discrimination-unit 
separated the starting-box from the 
food-box, and on the fourth day the 
groups were given six trials in the one- 
unit apparatus. The choice-point pre- 
sented the same arrangements of stimuli 
to each animal as it would encounter 
in the main part of the experiment, and 
responses were reinforced in a manner 
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appropriate to the problem subsequently 
to be learned by the animal. On the 
fifth day, training in the four-unit ap- 
paratus was begun. Four trials per 
day were given and each animal was 
run to a criterion of four successive 
errorless trials (16/16 correct choices). 
At the conclusion of each trial the ani- 
mal was allowed a 20-second period of 
feeding in the goal-box. 


RESULTS AND DISCUSSION 


The course of learning in the two 
groups is shown by the curves of Figs. 
2 and 3. As each animal reached the 
criterion, its training was terminated, 
but for the purpose of plotting these 
curves it was assumed to have contin- 
ued to make perfect runs on succeeding 
days. Figure 2 shows mean errors per 
trial per day for each of the two groups, 
retracing errors being considered along 
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Fic. 2. The course of learning plotted in terms of total errors per trial per day. 
Group I, simultaneous; Group II, successive. 
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Fic. 3. The course of learning plotted in terms of forward-going errors alone. 
Group I, simultaneous; Group II, successive. 


with forward-going entries into blinds. 
Both groups retraced considerably dur- 
ing the first few days, which accounts 
for the fact that the early sections of 


both curves rise high above two errors 
per trial, the chance expectancy based 
on four choice-point encounters. Re- 
tracing errors were eliminated early in 
Group II but continued for some days 
in Group I. Figure 3 is plotted in terms 
of forward-going errors alone and shows 
more clearly the course of learning of 
the discrimination-problem per se in 
each group. In this curve, again, the 
higher error score of Group I is in part 
a function of a greater tendency to re- 
trace, since this group approached the 
discriminanda more frequently on each 
trial and thus had greater opportunity 
for error. 

Results for trials and forward-going 
errors alone, are summarized in Tables 
1 and 2. The differences between the 
two groups are so large that relatively 
crude, non-parametric statistical tech- 
niques are sufficient to indicate their 
significance. Group II (the successive 
group) reached the criterion of mastery 
(one perfect day) in a mean of 48.8 


trials and 78.7 errors. The last ani- 
mal of this group to learn reached the 
criterion on the 17th day, the same day 
on which the first animal of Group I 
reached the criterion. By the 24th day, 
at which time the experiment was ter- 
minated, only three animals of Group 
I had mastered the simultaneous prob- 
lem, although all animals in the group 
were showing signs of learning. The 
ranking method of Wilcoxon (18) in- 
dicates the difference between the two 
groups in trials and in errors to be sig- 
nificant at better than the one per cent 
level of confidence. 

Even if we consider errors made on 
the first approach to each choice-point 
on each trial, the two groups are still 
sharply separated and the differences in 
error scores remain significant at bet- 
ter than the one per cent level. From 
this evidence it seems safe to conclude 
that the difference in amount of re- 
tracing is a result rather than a cause 
of the difference in difficulty between 
the two problems. 

A possible explanation of the differ- 
ence between the simultaneous and suc- 
cessive problems is suggested by the 
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principle of secondary reinforcement. 
It might be argued that since the illu- 
mination of the goal-box corresponded 
to that of the darkened alleys, dark- 
ness might have acquired secondary re- 
inforcing properties. If such were the 
case, the five animals trained to go to 
light as opposed to darkness would be 
placed at a disadvantage. By the same 
token, however, the animals trained to 
go to darkness should have a consid- 
erable advantage, not only over the ani- 
mals trained to light, but also over the 
animals of Group II for which this fac- 
tor could not have significance. Analy- 
sis of the data shows that the dark- 
positive animals of Group I (Numbers 
6-10) did, on the whole, make fewer 
forward-going errors than the light-posi- 
tive animals (Numbers 1-5) of that 
group, although the difference is not 
statistically significant. Even the per- 
formance of the dark-positive animals, 
however, was significantly inferior to 
that of the animals of Group II, at the 
one per cent level of confidence by 
Festinger’s method (3). 


The implication of these results is 
clear. The approach-avoidance formu- 
lation will not serve as a general prin- 
ciple of discriminative learning, but 
must be supplemented with a principle 
which takes into account the develop- 
ment of differential response to discrete 
spatial configurations of stimuli. The 
behavior of some of Nissen’s animals 
(those showing 100 per cent transfer) 
and the performance of Lashley’s rats 
on the three-circle problem demonstrate 
the necessity for something like an ap- 
proach-avoidance principle, but the re- 
sults of the present experiment point 
to a qualitatively distinct functional 
level which may be more primitive. 
There is no way to determine the man- 
ner in which the simultaneous problem 
was learned by the animals of Group I 
which achieved the criterion. If learned 
configurationally, the greater difficulty 
of the simultaneous problem may be 
attributed to the greater similarity of 
the two stimulus-patterns which it pre- 
sented to the animal, as the theory of 
Gulliksen and Wolfle suggests. If mas- 


TABLE I 
TRIAL Scores FoR Eacn ANIMAL OF Eacu Group * 




















Group I (simultaneous) Group IT (successive) 
Animal Score Rank Animal Score Rank 
1 100 17 11 48 5 
2 100 17 12 68 10.5 
3 100 17 13 52 6.5 
4 96 13 14 36 2 
S 100 17 15 44 4 
6 100 17 16 52 6.5 
7 100 17 17 32 1 
8 88 12 18 40 3 
9 100 17 19 60 9 
10 68 10.5 20 56 8 
Total 952 154.5 488 55.5 
Mean 95.2 48.8 
Mean difference 46.4** 














* A trial score of 100 was assigned to those animals (Group I) which failed to reach the 
criterion on the 24th day, at which time training was terminated. 
** Significant at better than the one per cent level of confidence (Wilcoxon’s method). 
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164 16 
157 15 
123 13 
196 19 
209 20 
188 18 
174 17 
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117 11.5 
10 109 10 
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Total 1573 153.5 
Mean 157.3 
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* Error scores are based on 24 days of training irrespective of whether or not an animal 


reached the criterion on or before this day. 
** Significant at better than the one per cent level of confidence (Wilcoxon’s method). 


tery was based on the acquisition of 
functional properties by afferent com- 
ponents, this kind of learning may be 
assumed to involve a more complex, 
higher order process. In any event, 
present evidence suggests that two qual- 
itatively distinct processes of learning 
may operate in discrimination-situa- 
tions. It is interesting to note the rela- 
tion between this conclusion and the 
two-factor conception of modifiability 
advanced by Maier and Schneirla (11) 
and by Birch and Bitterman (1). The 
two processes which seem to operate in 
discrimination-situations closely resem- 
ble the two processes designated by 
these writers as “sensory integration” 
and “selective learning.” The only dis- 
crepancy seems to lie in answers to the 
question as to which is the more primi- 
tive. 

The relation between the present re- 
sults and those of certain previous ex- 
periments on the problem of relational 
learning should also be considered. 
Lashley and Wade (8) have maintained 
that opportunity to compare the stim- 





uli to be discriminated facilitates learn- 
ing. Grice’s experiment (4), which was 
designed to test this hypothesis, failed 
to show an advantage for the “compari- 
son” group. Another method employed 
by Saldanha and Bitterman (14) did, 
however, give a clear advantage to the 
comparison group under certain condi- 
tions. These writers suggest that op- 
portunity for comparison may facilitate 
learning only when the stimuli to be 
discriminated are relatively similar. 
The fact that the simultaneous group 
of the present experiment, which was 
provided with opportunity for direct 
comparison, was surpassed by the suc- 
cessive group, which had no opportunity 
for direct comparison, may be a func- 
tion of the great dissimilarity between 
the two brightness levels employed. It 
is interesting to ask what would hap- 
pen in an experiment similar to the 
present one in which two closely similar 
brightness levels were employed. It 
would follow from the position of Sal- 
danha and Bitterman that the simul- 
taneous group should surpass the suc- 
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cessive group. That is, opportunity for 
comparison would give an advantage to 
the former group which would offset the 
greater fundamental simplicity of the 
successive problem. 

At the outset of the present paper the 
Gulliksen-Wolfle theory was designated 
a response-oriented conception in order 
to differentiate it from the approach- 
avoidance formulation in the simplest 
possible manner. Implicit in the dis- 
cussion of the two orientations, how- 
ever, was another distinction which may 
be phrased in afferent terms. For Gul- 
liksen and Wolfle, stimulus-components 
do not acquire functional significance 
independently or in isolation, but are 
integrated to form a functional unity 
which may comprise spatial as well as 
other attributes of the part-processes. 
We might term this intra-situational in- 
tegrating process configurational per- 
ception and reserve the term relational 
perception for the abstractive, trans- 
situational or trans-contextual process 
which is emphasized in Lashley’s the- 
ory. That the two criteria—afferent 
and efferent—for distinguishing _ be- 
tween the formulations with which we 
began cannot be treated as separate 
items in a list is suggested by the evi- 
dence which Werner has compiled in 
his stimulating work on mental devel- 
opment (17). Werner, himself, finds it 
necessary to postulate several geneti- 
cally distinct discriminative processes, 
the most primitive of which he refers 
to as “syncretic” organization in which 
sensory and motor components are dif- 
fusely and inextricably inter-related. 


SUMMARY 


The question of the relative ease of 
simultaneous and successive problems 
has considerable bearing on the valid- 
ity of current theories of discriminative 
learning. An experiment is reported in 
which a group of rats were trained in 
a multiple discrimination-apparatus to 
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choose the brighter or darker of two 
alleys (simultaneous problem) while a 
second group of rats were trained to 
turn in one direction when both alleys 
were lighted and in the opposite direc- 
tion when both were dark (successive 
problem). The first problem proved to 
be significantly more difficult than the 
second. This result is interpreted to 
mean that under certain conditions the 
process of discrimination cannot be 
appropriately described in approach- 
avoidance terms, but requires the as- 
sumption that the animal learns to re- 
spond differentially to discrete spatial 
configurations of stimuli. Taken to- 
gether, the data presently available sug- 
gest the operation of two qualitatively 
distinct levels of perceptual organiza- 
tion in discriminative learning—a con- 
crete, primitive, intra-situational level 
and a more abstract, selective, trans- 
contextual one. The first level is inti- 
mately related to motor functions while 
the second may be largely independent 
of them. 
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Anyone who has attempted to study 
learning by the conditioned-response 
technique has encountered the compli- 
cation of having responses occur, not 
only when the so-called conditioned 
stimulus is presented, but also in the 
intervals between ‘trials. Such “spon- 
taneous,” or interval, responses are ob- 
jectionable in that they make it less 
easy to determine the precise extent of 
conditioning; for if a response is likely 
to occur in the absence of the CS, the 
occurrence of the response when the 
CS is present involves no assurance that 
the CS has necessarily caused the re- 
sponse—it might have occurred anyway. 

Various methods have been proposed 
for minimizing the occurrence of these 
interval responses; and, once such pre- 
cautions as seem feasible have been 
taken, the tendency is henceforth to 
pay no more attention to them. How- 
ever, in a number of prior studies (3, 
10, 13, 14) the present writers have 
systematically recorded the incidence of 
interval responses throughout the course 
of conditioning, and the resulting data 
suggest that many so-called condition- 
ing studies (including a number of our 
own) have not dealt with conditioning 
in pure form but rather in a form which 
is a complex admixture of conditioning 


1 The research on which this paper is based 
was carried out while the writers were at 
Harvard University. Grateful acknowledg- 
ment is here made for facilities and financial 
support made available by the Laboratory of 
Social Relations. 





and discrimination learning. If this is 
true, it follows that these studies give 
a misleading picture of conditioning, 
since discrimination is a relatively slow 
process which, if confounded with con- 
ditioning, would have the effect of ma- 
terially depressing the resulting meas- 
ures. 

More concretely, our supposition is 
that in the usual type of conditioning 
experiment true conditioning occurs 
very quickly but that the measures used 
are such as to call for a considerable 
amount of added discrimination learn- 
ing. Let us assume, for example, that 
we have designed an experiment with 
rats as subjects in which the conditioned 
stimulus is a buzzer, the unconditioned 
stimulus an electric shock administered 
from a floor-grill, and the recorded re- 
sponse a leap into the air. After one 
or, at most two, paired presentations of 
the buzzer and shock, a marked change 
will be noted in an animal’s behavior 
and appearance; generalized activity 
will be much reduced, ears will be laid 
back, eyes will protrude, and breathing 
will be labored. In common parlance 
the rat is afraid; and if there is any 
doubt that genuine learning has oc- 
curred, it can be dispelled by removing 
the animal from the apparatus for sev- 
eral days, or even weeks, and then re- 
turning it. It will be at once apparent 
that the rat “remembers” its earlier ex- 
perience in the apparatus, for it will 
now behave very unlike a naive rat 
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which is put into the apparatus for the 
first time. The rat will again show signs 
of fear; and we must conclude that the 
fear reaction, as a result of only one or 
two occurrences of the shock in the 
presence of experimental-situation-plus- 
buzzer, has become connected, not only 
to that stimulus-compound, but also 
(through generalization) to experimen- 
tal-situation-without-buzzer. The fear 
reaction, now elicited by the situation- 
as-a-whole (whether with or without the 
specific “conditioned stimulus”) is, we 
suggest, the true conditioned response. 
Conditioning, so conceived, is a type of 
learning that occurs very rapidly, often 
in as few as one or two trials. 

But in the interest of objectivity we 
have agreed that we shall use as an 
indicator of conditioning, not the dif- 
fuse changes noted above, but the more 
striking, explicit response of leaping 
into the air. Although there is an ini- 
tial, relatively low probability that a 
fearful, confined rat will leap into the 
air, this probability is not high enough, 
in the beginning, for this response to 
serve as a very reliable index of fear. 
However, the connection between fear 
and leaping can be rapidly strengthened 
by following a so-called “instrumental” 
conditioning procedure, which would al- 
low the leaping, when it eventually oc- 
curs, to carry the rat completely out of 
the experimental situation. Since it is 
the situation-as-a-whole which has be- 
come the conditioned stimulus for the 
fear reaction, any response which will 
remove the rat from that situation will 
be powerfully reinforced by fear-reduc- 
tion. In this way the leaping can be 
differentially strengthened and made to 
rise rapidly in the rat’s original hierar- 
chy of responses to the acquired drive 
of fear. 

It will be apparent that in using an 
overt skeletal response such as leaping 
as an index of fear, we have intro- 
duced into our study of conditioning 
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the second fundamental type of learn- 
ing, .namely, problem-solving. Else- 
where (11, 12) an extended argument 
has been advanced for believing that 
there are two basically different forms 
of learning: conditioning, which occurs 
on the basis of a pure contiguity prin- 
ciple, and problem-solving, which in- 
volves reinforcement in the sense of 
drive-reduction, reward, satisfaction. 
Although, in the hypothetical situation 
just described, we somewhat complicate 
our measurement of conditioning by in- 
terposing a certain amount of problem- 
solving learning, the net effect is not 
too serious, since the requisite problem- 
solving learning is simple, occurs rap- 
idly, and does not unduly becloud the 
picture which we get of the antecedent 
process of conditioning. Anyone who 
has allowed a rat to use leaping as a 
means of getting out of an experimental 
situation in which electric shock has 
been administered knows that this re- 
sponse will become “stamped in” very 
rapidly. Therefore the use of this re- 
sponse as an indicator of the process 
whereby the intermediate conditioned 
response-drive of fear is acquired intro- 
duces no very serious distortions.” 

Let us now consider the procedure 
more typically employed in laboratory 
investigations of conditioning. If, un- 


2 Cattell (2), McDougall (8), Woodworth 
(19), and others have criticized the common 
stimulus-response, or S > R, conception of be- 
havior for omitting the organism and have 
substituted the formula: S->(O)->R. The 
above analysis fills in the details further by 
noting that the S (buzzer) produces, within 
the organism, the response (Rr), which gives 
rise to the experience, or stimulus, of fear 
(Se), which in turn produces the observed ex- 
ternal jumping behavior (R;). The formula 
would thus read: S, —> (Re > St) -—> R;. The 
two-factor conception of learning alluded to 
above posits that the S, —> Rr connection is ac- 
quired through conditioning and the S:-> R, 
connection is based on problem-solving. To 
speak simply of the S,—> R; “connection” is 
to omit, as Tolman has aptly observed, a 
number of “intervening variables” (18). 
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der circumstances already described, 
one has decided to use the response of 
leaping as an indicator of fear-learning, 
the usual policy is this. The experi- 
menter will not allow the leaping re- 
sponse to remove the rat physically 
from the experimental situation; but 
if the leaping occurs when the buzzer 
is on, the experimenter may terminate 
the buzzer." In a manner of speak- 
ing, the rat thus “escapes” from situa- 
tion-with-buzzer into situation-without- 
buzzer. And since, for reasons pre- 
viously noted, the reaction of fear will 
be more strongly conditioned to situa- 
tion-with-buzzer than to situation- 
without-buzzer, termination of the 
buzzer will have the effect of reducing 
the rat’s fear at least a little and will 
thus reinforce, at least mildly, the leap- 
ing behavior. 

But fear will continue to be present 
between trials; and when the rat tries 
likewise to deal with this fear by leap- 
ing, nothing happens—the fear is not 
reduced. There will thus be a tendency 
for the response of leaping-to-fear be- 
tween trials to extinguish and for this 
extinction to generalize to leaping-to- 
fear in situation-plus-buzzer. However, 
when leaping fails to occur in response 
to situation-plus-buzzer, the shock fol- 
lows; and the connection between situ- 
ation-plus-buzzer and fear is reinforced. 
The intensified fear of situation-plus- 
buzzer will revive the leaping response, 
which will be reinforced by buzzer- 
termination (fear-reduction); and this 
response will tend, once again, to gener- 
alize to fear of situation-without-buzzer. 
By this process of generalization, ex- 
tinction, and differential reinforcement, 


3 We have elsewhere (13) made a systematic 
comparison of the results obtained by using a 
conditioned stimulus of fixed duration vs. one 
of variable duration. Our findings indicate 
that, at least under the specified experimental 
conditions, the variable CS was decidedly su- 
perior. See also the results of an experiment 
by Traum, Horton, and Mowrer (12). 
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situation-with-buzzer gradually becomes 
identified as “dangerous” and situation- 
without-buzzr as “safe.” * 

When this point has been reached, 
our subjects will regularly leap into the 
air when the buzzer is presented and 
only, or at least predominantly, at this 
time. But how misleading it is to say: 
“Conditioning has now occurred!” 
Conditioning, in the most primitive and 
fundamental sense of the term, occurred 
much earlier, and what has now been 
accomplished is a relatively refined and 
advanced stage of discrimination learn- 
ing.° 


* As indicated in footnote 1, there is a two- 
link connection between situation-plus-buzzer 
and the response of jumping, the first of which 
is S»—> Re and the second, Ss R;. These 
two connections are assumed to represent two 
forms of learning, conditioning and problem- 
solving, respectively. The question now arises: 
at which level does the discrimination take 
place, at the conditioning or the problem- 
solving level. In other words, we want to 
know whether discrimination, in an experi- 
ment of this kind, consists of the rat’s find- 
ing out merely that jumping in response to 
fear does no good in situation-without-buzzer 
and is effective only when buzzer is present, 
or does the discrimination consist of a rat’s 
“finding out” that situation-without-buzzer 
really is not dangerous and that it is only 
when buzzer is present that fear is justified? 
Or perhaps some degree of discrimination oc- 
curs at both levels! 

5 When one views the end product of this 
type of training, it is perhaps natural to refer 
to buzzer as the conditioned stimulus, since it 
seems to be the sole and sufficient cause of the 
leaping behavior. But this impression can be 
quickly dissipated by taking a rat so trained 
out of the experimental apparatus, putting it 
on the floor, and then sounding the buzzer: 
The likelihood that the buzzer will now elicit 
a leap is very slight, thus indicating that it is 
really buzzer-plus-experimental-situation which 
is the conditioned stimulus. By associating 
the buzzer with shock in a great many differ- 
ent situations, one can ultimately reach the 
point where leaping will occur to buzzer-plus- 
any-situation, which is to say to buzzer alone. 
The buzzer can now be termed the stimulus 
for leaping (or, more accurately, for the fear 
that produces leaping); but this state of af- 
fairs is the end product of extended training, 
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Although the foregoing analysis is by 
no means complete, we have perhaps 
proceeded far enough for it to be evi- 
dent that, in the example chosen and 
in many comparable experiments, we 
are dealing with an extrardinarily com- 
plicated picture, involving not only the 
two basic processes of conditioning 
and problem-solving but also the more 
complex phenomenon of discrimination 
learning. Indeed, we may conjecture 
that the learning curves obtained in 
many conventional studies of condition- 
ing are mainly discrimination curves. 
If this be true, we can then predict that 
such curves will be prominently influ- 
enced by varying the difficulty with 
which the neutral interval between trials 
(situation-without-CS) can be differen- 
tiated from the “live,” meaningful pe- 
riod when the CS is in effect. In other 
words, by varying factors which we 
would expect to affect discrimination 
learning, we can perhaps obtain more 
direct evidence of the extent to which, 
in many so-called conditioning experi- 
ments, we are really dealing with dis- 
crimination. 

With this reasoning in mind, the fol- 
lowing experiment has been performed. 


not an early development. That conditioned 
responses tend to become connected to the 


experimental-situation-as-a-whole and _ that 
change in that stimulus-totality tends to re- 
duce the intensity or likelihood of the condi- 
tioned response is indicated by results recently 
reported by Lichtenstein. In concluding his 
observations in this connection, Lichtenstein 
says: “Feeding inhibitions [based on a condi- 
tioned fear reaction] may be temporarily re- 
lieved in some animals by altering one or 
more aspects of the experimental situation. 
Some animals will eat when the experimenter 
is present in the room [which he is not dur- 
ing experimentation—cf. similar observations 
by Pavlov (16)] and some will eat when the 
harness is removed. Other dogs, however, 
cannot be made to eat in. the experimental 
room even under considerably altered condi- 
tions” (7, p. 29). 
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SuBJECTS AND APPARATUS 


The subjects used in this experiment 
were 24 Lashley-strain male rats ap- 
proximately four months of age. They 
were randomly divided into two equal 
groups and submitted, respectively, to 
the two procedures described below. 

The apparatus here employed . has 
been fully described by Mowrer and 
Miller (15). It consists essentially of 
a rectangular box, with a glass front and 
a metal-grill floor which can be elec- 
trically energized. 

For one group of subjects the CS, 
so-called, consisted of the sound nor- 
mally produced by an electric bell. For 
the other group the CS was produced 
by cutting out the interrupter circuit 
of the bell, which meant that when the 
experimenter pressed the key control- 
ling the bell, a single, gong-like sound 
was produced. A device for damping 
the reverberation of the bell insured 
that the CS was, in the second case, 
virtually instantaneous in duration. 
For both groups of animals, the UnCS 
was produced by a 60-cycle alternating 
current, 140 volts, with a limiting series 
resistance of 250,000 ohms. 


PROCEDURE 


In this experiment the overt response 
investigated was a vertical jump. The 
criterion for this response was merely 
that the animal got all four feet off the 
grill simultaneously, but the response 
ordinarily consisted of a leap which car- 
ried the animal several inches into the 
air. 

In the case of both groups of sub- 
jects, an “instrumental” rather than 
“classical” conditioning procedure was 
followed. The CS was presented and 
if, Pee five seconds, there was no leap- 

ing response, it was followed by the 
UnCS; but if a leap occurred with the 
five-second interval, the UnCS was 
omitted. On those trials when the 
UnCS had to be applied, it remained 
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on, not for a fixed period of time, but 
until the leaping response had been elic- 
ited. We thus employed what might be 
called a double-instrumental procedure: 
the leaping response, if it occurred in 
advance of the shock, served to avert 
the shock; aid if the shock was not thus 
averted, the leaping response could ter- 
minate it (13). 

The only difference between the pro- 
cedures employed with the two groups 
was thus in the nature of the CS. In 
the case of the Group-I animals, where 
the CS was continuous rather than in- 
stantaneous, the occurrence of leaping 
was the occasion for terminating the 
CS. If, in this group, the leaping did 
not occur, the CS continued until the 
UnCS came on and had elicited the re- 
quired reaction; the CS and the UnCS 
then terminate together. Since, in the 
Group-II procedure, the CS was instan- 
taneous, there was no question as to 
when it should be terminated. If, how- 
ever, jumping occurred five seconds 
after the instantaneous CS occurred, the 
UnCS was omitted, just as in the 
Group-I procedure. 

All animals received ten training 
trials per day, at regular one-minute 
intervals, and all were run for ten con- 
secutive days. “Spontaneous” jumping 
responses were recorded between trials 
and for one minute before the first trial 
and for one minute after the last trial. 

It should be noted that in the 
Group-I procedure, the situation-when- 
dangerous (bell present) was easily 
distinguished from situation-when-safe 
(bell absent). Or, in Gestalt terms, 
“figure” stood out clearly against 
“ground.” But in the Group-II proce- 
dure, the differentiation was more diffi- 
cult. The situation-when-safe was al- 
ways quiet (as it was in the Group-I 
procedure); but  situation-when-quiet 
was not always safe, since silence oc- 
curred during both the inter-trial (safe) 
interval and also during the inter- 
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stimulus (dangerous) interval. The 
silent interval between trials could thus 
be discriminated, in the Group-II pro- 
cedure, from the silent intervals be- 
tween stimuli solely on the basis of the 
stimulus trace (“immediate memory’) 
produced by the momentary, gong-like 
Gs 


RESULTs AND DISCUSSION 


Figure 1 shows graphically the aver- 
age number of leaping responses made 
during the five-second interval follow- 
ing onset of the CS by the two groups 
of animals on each of the ten days of 
experimentation. These responses are 
what would ordinarily be termed “con- 
ditioned responses.” The average num- 
ber of such responses made by the 
Group-II animals during the whole ex- 
periment, on all (100) trials, was only 
49.7, whereas for the Group-I animals 
it was 78.9. 

These results may seem not at all 
surprising; they may appear merely to 
confirm the finding, reported by various 
other experimenters, that “trace” con- 
ditioning is more difficult than is simul- 
taneous conditioning. Trace condition- 
ing, first defined by Pavlov (16), refers 
to the acquisition of a CR in a situation 
wherein the CS comes on and then goes 
off a considerable time before the UnCS 
occurs. In simultaneous conditioning 
the CS comes on and remains on until 
the UnCS occurs (or perhaps until it 
terminates). According to these defini- 
tions, our Group-II procedure involved 
trace conditioning, and the Group-I pro- 


6 A similar, though less marked, difference in 
the procedures employed with the two groups 
might have been provided by having an audi- 
tory CS in one case loud (or a visual CS 
bright) and in the other case weak (dim). 
As is well known, an intense CS produces 
better “conditioning” ‘than does a less intense 
one. There may be a direct, dynomogenic 
effect here; but there is also the possibility 
that the more intense the CS the more readily 
situation-with-CS is differentiated from situa- 
tion-without-Cs. 
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Fic. 1. 


DAYS 10 


Average number of leaping responses elicited by a conditioned stimulus in the 12 ani- 


mals comprising Group I (filled circles) and in the 12 animals comprising Group II (open cir- 


cles). 


The only difference in the procedure followed with the two groups of subjects was with 


respect to the ease with which the conditioned stimulus could be differentiated from the interval 
between trials. Since this variable produced a conspicuous difference in the amount of “condi- 
tioning” obtained, the inference is confirmed that would-be measurement of conditioning is com- 
monly contaminated by measurement of discrimination learning. 


cedure involved simultaneous condition- 
ing. Therefore, the difference in re- 
sults may, without further analysis, be 
interpreted as simply demonstrating a 
phenomenon which is already well 
established. 

But interpretation of our results in 
the manner just suggested does not 
readily accommodate the findings shown 
in Fig. 2. Here it will be noted that 
the incidence of leaping responses which 
occurred in the interval between trials 
was, not less, but much greater in the 
Group-II animals than in the Group-I 
animals. We see nothing in traditional 
conditioning theory which would either 
predict or explain this finding, that a 
trace-conditioning procedure gives rise 
to more inter-trial responses than does 
the simultaneous-conditioning proce- 
dure. 


One fact is immediately apparent: in 
an instrumental conditioning procedure 
of the kind here employed, there will 
always be a reciprocal relationship be- 
tween the number of so-called condi- 
tioned responses exhibited by the sub- 
jects and the number of times the UnCS 
impinges upon them. That is to say, in 
the present study whenever a rat 
jumped within the five-second interval 
following onset of the CS, the UnCS 
(shock) was prevented from occurring. 
This fact means that since the Group-I 
animals jumped relatively often in re- 
sponse to the CS they were shocked 
fewer times. They presumably had as 
a result less generalized fear in the ex- 
perimental situation and hence exhib- 
ited fewer inter-trial jumps. By con- 
trast, the Group-II animals, which 


jumped less often in response to the 
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CS, were shocked correspondingly more 
frequently; they presumably had more 
generalized fear in the experimental 
situation, and hence exhibited more 
inter-trial jumps. 

But this type of analysis leads to a 
paradox: Since conditioning is assumed 
to be dependent upon contiguity, or 
paired presentation of the CS and 
UnCS, it would follow that conditioning 
and paired presentations should increase 
pari passu. The fact is that in this ex- 
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periment, as in most “instrumental” 
conditioning experiments, the group in 
which the CS and UnCS are paired most 
often exhibits decidedly fewer “condi- 
tioned responses” (1, 12, 13). 

The difficulty, we conjecture, is in 
the definition of the term “conditioned 
response.” It seems that whenever this 
term is used to denote responses involv- 
ing the skeletal musculature and the 
central nervous system, ambiguity and 
confusion arise. These responses are 
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I (filled circles) and by the animals in Group II (open circles). 


DAYS 
Fic. 2. Average number of spontaneous, or interval, responses made by the animals in Group 


10 


It will be noted that there is 


thus a reciprocal relationship, in this type of experiment, between the number of responses made 
to the conditioned stimulus (see Fig. 1) and the number of similar responses made in the in- 
terval between trials. This finding presents a paradox for certain forms of conditioning theory. 
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Fic. 3. Average number of leaping responses made by the Group-I animals (filled circles) to 
both the conditioned stimulus and in the intervals between trials and the average number of such 


responses made by the Group-II animals (open circles). 


Since the number of responses which 


any given animal needed to make per day in order to avoid receiving the unconditioned stimulus 
(shock) was only 10, it is clear that the declining curve for the Group-I animals means that 
these animals were making a better over-all “adjustment” to the experimental situation than 
were the Group-II animals, with their ascending curve. If the experiment had lasted long 
enough, the Group-II animals would, we believe, have made an almost equally good adjustment, 
but within the limits of the experiment the difference was striking. 


better referred to as problem-solving re- 
sponses, with the term “conditioned re- 
sponse” being reserved for responses in- 
volving smooth muscle and glands and 
the autonomic nervous system (11, 12). 

With this revised terminology in 
mind, the paradox mentioned above can 
be resolved in the following manner. In 
Fig. 3 we have reproduced two compos- 
ite curves. One of these (the lower) 
was derived by adding the number of 
jumps the Group-I animals made in re- 
sponse to situation-with-buzzer and the 
number of jumps they made in response 
to situation-without-buzzer; and by fol- 
lowing the same procedure with respect 
to the Group-II data, we obtained the 


other curve here shown. Now if we 
make the not unreasonable assumption 
that there is a roughly one-to-one rela- 
tionship between the total amount of 
fear experienced by our subjects and the 
total amount of jumping they did dur- 
ing the course of the experiment, the 
paradox disappears: since the Group-II 
animals received the greater number of 
shocks (604), we are not surprised to 
discover that they showed the greater 
over-all incidence of fear-produce/ 
jumping (2,121); and since the Group-. 
animals received the smaller number of 
shock (253), we are prepared to find 
that they showed the smaller over-all 
incidence of jumping (1,710). 
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So far as we can recall, no one has 
previously published data in the form 
represented in Fig. 3. Some interesting 
problems are suggested by this kind of 
analysis: for example, why is it that, 
although there is a positive relationship 
between the incidence of shocks re- 
ceived and fear-induced jumping be- 
havior—253/1,710 (Group-I) and 604/ 
2,121 (Group-II), this relationship is 
by no means a perfect correlation? 

Here, however, we are committed to 
our original line of thought. It will be 
noted that although the two curves 
shown in Fig. 3 start at about the same 
position on the ordinate, the one shows 
a definite upward trend and the other 
a downward trend. If we make the as- 
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sumption that the experimental situa- 
tion was one in which the ideal solution 
to the problem facing the subjects was 
to make as few total jumping responses 
as possible (i.e., to behave as economi- 
cally as possible), then it is clear that 
the Group-I animals found a better 
solution than did the Group-II animals. 
Indeed it would appear that, within the 
limits of this experiment, the situation 
became rather steadily worse for the 
Group-II animals. We may conjecture 


that if the experiment had been contin- 
ued for another ten or twenty days, 
they too would have “adjusted” to the 
situation, with a lowering in the over-all 
incidence of fear-prompted responses. 
But in any case it would appear that 
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Fic. 4. Average number of responses made to the conditioned stimulus (ascending curve) and 
the average number of responses made between trials (descending curve) by the animals in 
Group I. The purpose of bringing these two curves into juxtaposition on the same graph (they 
have already appeared in Figs. 1 and 2) is to high-light the extent to which discrimination, rather 
than conditioning only, occurred in this experiment. If experimental-situation-with-CS is 
thought of as “positive” (in the sense of a conventional discrimination experiment) and if ex- 
perimental-situation-without-CS is thought of as “negative,” then it will be seen that the in- 
crement in response to the former and the decrement in response to the latter fulfill the usual 
pattern of expectation with respect to discrimination learning. 
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Fic. 5. Average number of responses made to the conditioned stimulus (ascending curve) 
and the average number of responses made between trials (descending curve) by the animals in 
Group II. Although the responses to the “positive” stimulus (situation-with-CS) increases and 
the responses to the “negative” stimulus (situation-without-CS) decreases (thus showing the 
same pattern or trend as represented in Fig. 4), the absolute levels of the two curves are quite 


different. 


This is presumably a reflection of the difference in the level of difficulty of the dis- 


crimination task which faced the Group-I animals and the Group-II animals. 


the Group-II animals were being called 
upon to make a much more difficult 
kind of adjustment than were the 
Group-I animals and that the essence 
of this difference was the relative ease 
with which the inter-stimulus and the 
inter-trial intervals could be discrimi- 
nated in the two cases. 

That we are here dealing with a 
problem of discrimination is further 
suggested by Fig. 4 and Fig. 5. The 


curves which appear in these two graphs 
are the same as those which appear in 
Figs. 1 and 2, but now the inter-stimulus 
(so-called “conditioned”) jumping re- 
sponses and the inter-trial (“spontane- 
ous”) responses for Group-I appear to- 
gether (Fig. 4) and the inter-stimulus 
and inter-trial responses for Group-II 
appear together (Fig. 5). 

In both Fig. 4 and Fig. 5 there is 
clear indication of discrimination learn- 
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ing; i.e., in both cases the incidence of 
relevant, effective (inter-stimulus) re- 
sponses increases and the incidence of 
useless, abortive (inter-trial) responses 
declines. However, the absolute level 
of the performance of the two groups 
is very different. The nature of this 
difference can be high-lighted by com- 
paring and contrasting this experiment 
with a hypothetical discrimination prob- 
lem presented to a rat on a Lashley 
jumping-stand. In this familiar appa- 
ratus two cards with distinctive mark- 
ings—let us say, a cross and a circle— 
are presented simultaneously, side by 
side. One of these, e.g., the cross, will 
be “positive,” i.e., if the animal jumps 
toward it, the card will fall over and 
permit the rat to get food. The other 
card (circle) will be “negative,” i.e., if 
the rat jumps toward it, the card will 
remain in place and cause the rat to 
get a mild fall. 

In the present study the situation- 
with-CS can be thought of as the posi- 
tive stimulus, which the subject has to 
learn to differentiate from situation- 
without-CS, the negative stimulus. But 
in the Lashley-type experiment, the two 
stimuli occur simultaneously, whereas 
in the present experiment they occur 
successively. And this fact leads to 
another important distinction. In the 
beginning of a Lashley-type experiment, 
as the right-left position of the two 
cards varies randomly from trial to 
trial, the chance that a rat will jump 
to one card or the other is 50-50. But 
in the present experiment, on the basis 
of chance alone, a rat was eleven times 
more likely, in the beginning, to respond 
to the “negative” stimulus than to the 
positive one, since the inter-stimulus in- 
terval (situation-without-CS) lasted 55 
seconds and the inter-stimulus interval 
(situation-with-CS) lasted for only 5 
seconds. 

On the first day of training the 
Group-II animals (Fig. 5) responded 
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only slightly better than one might have 
expected on the basis of chance alone. 
Whereas chance would have dictated a 
ratio of 11-to-1 between the inter-trial 
responses and the inter-stimulus re- 
sponses, the ratio actually obtained was 
a little less than 10-to-1. As training 
progresst-d the obtained ratio gradually 
changed, and by the end of the experi- 
ment it was almost 2-to-1. 

Turning now to the Group-I animals 
(Fig. 4), we see that on the first day 
of experimentation these animals did 
slightly better than the Group-II ani- 
mals did on the /ast day. On the first 
day the ratio between inter-trial and 
inter-stimulus responses was almost 
2-to-1 for the Group-I animals; and 
by the end of the experiment the ratio 
had dropped to 0.6-to-1. These facts are 
represented in Fig. 6, which combines 
Fig. 4 and Fig. 5. Here it becomes evi- 
dent that in terms of successfully dif- 
ferentiating between the inter-trial in- 
terval and the inter-stimulus interval, 
the Group-I animals were as far ad- 
vanced on the first day of training as 
the Group-II animals were by the tenth 
day. Indeed, the two sets of curves 
give the appearance of being almost 
continuous. This fact is largely co- 
incidence, but it serves to emphasize the 
difference in the level of difficulty of the 
discrimination problems which the two 
groups faced. 

This type of analysis shows that al- 
though the discrimination problem to 
which the Group-I animals were sub- 
jected was relatively easy, it was never- 
theless a discrimination problem—and 
did not provide a clear, uncomplicated 
measure of conditioning. In fact, if we 
look back at Fig. 3, we may surmise 
that in Group I the conditioning, prop- 
erly speaking, was at its height on the 
first day of the experiment, for there 
were more fear-produced jumps on this 
day than any time thereafter. This ob- 
servation tends to confirm our thesis 
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Fic. 6. Average number of responses made by the Group-I animals (at the right) and by the 


Group-II animals (at the left) to the conditioned stimulus and in the inter-trial intervals. This 
figure is a composite of Figs. 4 and 5, so arranged as to show that the performar ce of the 
Group-I animals began at a level roughly equivalent to that at which the Group-II animals 


ended their performance. 


This is a way of again emphasizing the difference in the difficulty of 


the learning task which the two groups faced. Incidentally, it may noted that the curves for 
the responses to the conditioned stimulus are much smoother than are those for the interval re- 
sponses. Why this should have been the case is not immediately evident. 


that conditioning, properly defined, is 
a form of learning which may occur 
very quickly, and that many conven- 
tional methods of studying this phe- 
nomenon mask and overlay it by im- 
posing special circumstances which are 
irrelevant to the study of conditioning 
in the strict sense of the term. 


TERMS AND DEFINITIONS 

When this paper was originally writ- 
ten, it was given the title: “Further 
Analysis of the Concept of ‘Condition- 
ing.” Later a paper by Gantt (4) 
came to our attention which suggested 
the title actually used and prompted the 
line of thought which will be developed 
in this concluding section. 


In the paper cited Gantt uses the 
terms “conditional” and “uncondi- 
tional” in place of the commoner terms, 
“conditioned” and “unconditioned” to 
characterize the stimuli and the re- 
sponses connected with conditioned- 
response learning. This usage recalled 
to us a not much cited but suggestive 
chapter in Korzybski’s book, General 
Semantics (6), in which the author 
raises, by implication, the question of 
the relationship between conditioning 
and conditionality (which, as the fol- 
lowing excerpts will show, is essentially 
a synonym for discrimination). Kor- 
zybski remarks: 

“Before going further, I will analyze and 
suggest the complete elimination from the 
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English Language of the term ‘conditioned’ 
reflex, which is structurally false to facts, 


and suggest in its place the uniform use of 
the term ‘conditional’ reflex, introduced by 
Pavlov and used occasionally by some Eng- 
lish writers” (p. 328). 

“The reactions [of living organisms] can 
be divided into two groups, those which are 
inborn, almost automatic, almost uncondi- 
tional, rather few and simple, belonging io 
the so-called ‘species’; and those which are 
acquired during the individual life, allow a 
great variety of complications, are condi- 
tional in different degrees, and are acquired 
by the individual. Pavlov suggests differ- 
ent terminologies; for instance, he calls the 
one ‘inborn,’ the other ‘acquired’; or as 
usually incorrectly translated into English 
as ‘unconditioned’ and ‘conditioned’ re- 
spectively. The two last terms have re- 


ceived a scientific general acceptance, yet 
I would suggest that in the English incor- 
rect translation they are structurally un- 
satisfactory, and that particularly, when 
applied to humans, they carry harmful im- 
plications. 


Structurally, ‘inborn’ and ‘ac- 
quired’ are entirely satisfactory. Terms 
like ‘conditional’ and ‘unconditional’ (in 
the original language of Pavlov), although 
less satisfactory, are more appropriate 
{than ‘conditioned’ and ‘unconditioned’], 
as they do not imply some sort of ‘cause- 
lessness.’ In fact, the ‘unconditioned’ 
salivary reactions are conditioned and pro- 
duced by the physiochemical effect of the 
food, and so to call them ‘unconditioned’ 
is structurally erroneous. The terms ‘con- 
ditional’ and ‘unconditional’ do not have 
similar implications, and carry others, as 
for instance, the possibility of very impor- 
tant degrees of conditionality, establishing 
the co-valued character of the reactions; 
conditional meaning non-absolute, and non- 
one-valued. 

“For these structural reasons, I shall use 
the term ‘inborn’ and ‘acquired’ or else 
‘unconditional’ and ‘conditional’ reactions” 
(pp. 332-323). 

“Once a conditional reaction is estab- 
lished with an animal, no amount of any 
sort of ‘intellectual’ persuasion, or the like, 
would disturb his glandular secretions, as 
the animal’s range of ‘meanings’ is very 
limited. These secretions can be dimin- 
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ished or even abolished by other means, 
but not by ‘intellectual’ means alone. In 
the ‘normal’ man, his ‘knowing’ that the 
sound of the metronome or bell is part of 
an experiment and not a signal for actual 
food, would, or should, alter his nervous 
reactions and glandular secretions and 
make the experiments much more com- 
plex. The conditional reactions of the ani- 
mals have still the element of uncondi- 
tionality. In man, they may become fully 
conditional and dependent on a much 
larger number of semantic factors called 
‘mental,’ ‘psychic,’ than we find in any ani- 
mals” (p. 335). 


The fact that Korzybski and Gantt 
know both Russian and English, and 
that both of them now prefer the terms 
“conditional” and “unconditional” to 
“conditioned” and “unconditioned,” * 
raises more than a mere semantic issue: 
it raises questions regarding the basic 
nature of the underlying learning proc- 
ess. Indeed, it suggests to us that we 
may have here, not merely two different 
sets of terms for referring to the same 
phenomenon, but rather two phenomena 
and that possibly the confusion about 
terms reflects some measure of ambigu- 
ity with respect to the phenomena them- 
selves. 

As an expository device let us use the 
letters, CS and UnCS, to stand, not for 
any particular words, but for the actual 
stimulus events involved in a condition- 
ing experiment; and let us use CR and 
UnCR to refer, in like manner, to the 
responses elicited, respectively, by the 
two types of stimulus events. The 
UnCR, then, is commonly a response 
which is literally unconditional, i.e., it 
occurs when the UnCS is presented, 
without regard to context, time or 
place; that is, it generalizes widely and 
is not discriminant. The term “uncon- 
ditioned” does not carry these connota- 


TIn his 1928 translation of Pavlov’s Lec- 
tures on Conditioned Reflexes (17) Gantt con- 
sistently employed the terms “conditioned” 
and “unconditioned.” 
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tions, which are valid and useful ones; 
it merely says, “not conditioned.” Here 
a number of ambiguities arise. In the 
passage already quoted, Korzybski has 
called attention to one unfortunate con- 
notation of the term “unconditioned”’; 
certainly we do not wish to imply that 
an UnCR is indeterminate, causeless. 
Likewise, if we speak of an “uncondi- 
tioned stimulus,” it might be taken, on 
a commonsense basis, to refer to a 
stimulus which has simply not yet been 
conditioned, implying perhaps that the 
stimulus is to be conditioned. Finally, 
the term “unconditioned stimulus” 
might be interpreted as referring to a 
stimulus that has been but is no longer 
conditioned, i.e., a stimulus that has 
been “extinguished” (deconditioned). 


All things considered, then, it would 
appear that the terms “unconditioned 
stimulus” and “unconditioned response” 
are indeed “structurally false to facts” 
and can be usefully replaced by the 
terms which Korzybski and Gantt pro- 


pose. 

When we come to the question of 
what terms we may most meaningfully 
apply to the CS and the CR, the case 
is more complicated but also more in- 
structive. Perhaps the best way to cut 
into the heart of the issue is to note 
that a conditioned response may have 
various degrees of conditionality. As 
already indicated in the main body of 
this paper, a CR (such as fear) may be 
highly precise, highly conditional; for 
example, it may occur in the experi- 
mental setting when and only when the 
specific CS is present. Said otherwise, 
the CR will occur to experimental-situa- 
tion-with-CS but not to experimental- 
situation-without-CS and not to CS- 
without-experimental-situation. On the 
other hand, a CR may be relatively un- 
conditional; that is to say, if the CS 
has been reinforced in a wide variety 
of situations, the response tends to gen- 
eralize widely and to occur in all, or 
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virtually all, situations. We thus ar- 
rive at the interesting inference that a 
conditioned response may possess vary- 
ing degrees of conditionality: it may be 
highly conditional, or it may be highly 
unconditional.® And if this be true, we 
can hardly escape the final conclusion 
that conditioning and conditionality are 
two different phenomena, the one refer- 
ring to that form of learning which 
Thorndike has called “associative shift- 
ing,” which Hollingworth called “redin- 
tegrative learning,” and Pavlov called 
“conditioning,” and the other term re- 
ferring to the related but distinguishable 
phenomenon of discrimination learning. 

Perhaps we can sharpen this discus- 
sion somewhat by noting that when a 
conditioned response first develops, it 
has what may be regarded as a middling 
degree of conditionality. As we have 
seen in the earlier parts of this paper, 
a CR will at first occur to situation- 
without-CS almost as readily as to situ- 
ation-with-CS. However, the CR is not 
likely to occur in widely different situ- 
ations, regardless of whether they do 
or do not contain the specific CS. But 
by means of further training, which in 
the one case is “discrimination train- 
ing” and in the other case is “generali- 
zation training,” we can then push the 
CR in either of the two directions along 
the conditionality continuum. This rea- 
soning suggests, then, the possibility that 
we may wish to speak, on occasion, of 
highly conditional conditioned responses 
and, perhaps, of highly unconditional 
ones! 

This analysis leads to a number of 
rather intriguing deductions, but only 
one of them will be cited here. Pavlov 


8 This distinction is implicit in Korzybski’s 
remark, quoted above, that “the conditional 
[conditioned] reactions of the animals have 
still the element of unconditionality.” Obvi- 
ously this author is here having to use the 
same term to refer to two different phenomena. 
Our proposal with respect to terminology 
avoids this difficulty. 
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and others have shown that, in animals, 
“higher-order” conditioning cannot or- 
dinarily be carried beyond the third or 
fourth order. We may now interpret 
this finding as meaning that as we go 
from the original UnCS to the first- 
order CS, there is considerable loss of 
unconditionality so that the latter is 
only partially effective as an “UnCS” 
in the second-order conditioning. And 
with each higher level of conditioning, 
or would-be conditioning, there is fur- 
ther loss of “unconditionality,” until 
at length conditioning fails to occur at 
all. Basic theory holds that condition- 
ing is dependent upon the paired pres- 
entation of a CS and an UnCS, where 
the UnCS possesses a considerable de- 
gree of unconditionality (if for no other 
reason than the fact that the results 
produced by the UnCS must not be 
significantly changed by the addition of 
the CS in the conditioning procedure). 
If we try, then, to obtain conditioning 
by combining a CS and a so-called 
UnCS which possess only negligible un- 
conditionality, it is not surprising if 
conditioning fails to occur. (Perhaps 
if a higher-order or derived UnCS has 
but a minimum of unconditionality, i.e., 
little capacity to withstand generaliza- 
tion of circumstances, then the mere 
addition of the new CS will suffice to 
“change the situation” sufficiently so 
that the UnCS will no longer produce 
the relevant response.) 

On the other hand, we know that by 
means of human speech higher-order 
conditioning can go to almost any 
length. In its most basic sense, lan- 
guage is nothing but a succession of 
paired presentations of stimuli, i.e., a 
succession of sentences composed of 
paired “subjects” and “predicates.” As 
we have already intimated (footnote 
4), a word differs from the sounds and 
signs used in animal conditioning ex- 
periments principally in that words be- 
come highly abstracted, i.e., able to con- 
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vey their meanings without respect to 
the attendant physical circumstances. 
Their meanings may, of course, depend 
upon the verbal context in which they 
appear; but there are some words in 
which even this is not the case, e.g., 
proper names.’ 

In other words, because words get re- 
inforced in a highly generalized way 
(with respect to time and piace), they 
take on a high degree of uncondition- 
ality; and this, we conjecture, is one 
reason that there is not the same limita- 
tion on higher-order conditioning by 
means of words at the human level that 
we find in the case of those signs used 
with animals. One may surmise that 
if signs were used and reinforced with 
an animal in a wide variety of circum- 
stances, so as to give the animal explicit 
training in their generality (as we may 
indeed do, for example, in training a 
dog as a companion and pet), then the 
limitations encountered in the Pav- 
lovian laboratory situation would be 
lessened. In other words, it is probably 
not just animal mentality that sets the 
limits on higher-order conditioning as 
Paviov and others have studied it, but, 
perhaps equally, the limitations of the 
method employed. 

In the main body of this paper, we 
have used the conventional terms for 
referring to the CS, UnCS, CR, and 
UnCR,*® i.e, we have used “condi- 
tioned” and “unconditioned” rather 
than “conditional” and “unconditional.” 
But we may now ask how one might 
speak, more ideally, in respect to such 


®For an interesting discussion of context 
and meaning, see Miller and Selfridge (9). 

10 That is to say, terms which are “conven- 
tional” within the framework of two-factor 
learning theory (11, 12). We have not used 
the term “conditioned response” to refer to a 
response, such as running, jumping, or lifting 
a paw, which is clearly a problem-solving re- 
sponse. In two-factor theory, conditioned re- 
sponses are defined in a more restricted and 
precise fashion. 
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matters. From what has just been said 
it would seem to follow that the UnCS 
and UnCR may best be characterized 
as “unconditional.” The CS and CR, 
on the other hand, can be most appro- 
priately described as “conditioned” if 
there is a CS-CR connection, and if a 
stimulus is not yet conditioned or has 
been extinguished it might, in the one 
case, be referred to as “unconditioned” 
and, in the other, as “deconditioned.” 
When a CS-CR connection is in force, 
it may be said to have varying degrees 
of conditionality, depending upon where 
it lies along the conditional-uncondi- 
tional continuum as described above. 


SUMMARY 


It is the central thesis of this paper 
that in many experiments on condition- 
ing this phenomenon is misconceived 
and mismeasured. We believe that con- 
ditioning, properly defined, often occurs 
very quickly and that conventional 


measures of this type of learning are 
often confounded with measures of dis- 
crimination learning. 

If this inference be true, it follows 
that variation in the difficulty which 
subjects (rats) might be expected to 
have in distinguishing between the inter- 
stimulus interval (situation-with-CS) 
and the inter-trial interval (situation- 
without-CS) should produce marked 
differences in conventional measure- 
ments of “conditioning.” This has been 
found to be empirically true. 

The results of this study and their 
logical analysis further point up the de- 
sirability of differentiating conditioning 
and problem-solving, the former term 
denoting that type of learning which in- 
volves viscero-vascular tissue and the 
autonomic nervous system and the lat- 
ter term denoting that type of learning 
which involves the striped musculature 
and the central nervous system. Dis- 
crimination is a phenomenon which can 
presumably occur with respect to either 


211 


of these more basic forms of learning, 
but should not be confused with either 
of them. Said more precisely, discrimi- 
nation learning represents an attempt 
on the part of living organisms to re- 
solve a conflict; and while it can be 
largely derived from the more basic 
processes of conditioning (contiguity 
learning) and problem-solving (reward 
learning), it is a distinctive process, rel- 
atively complicated and slow of occur- 
rence. 

Finally it is pointed out that the de- 
bate as to whether one can most appro- 
priately use the terms “conditioned” 
and “unconditioned” or “conditional” 
and “unconditional” to characterize the 
stimuli and the responses involved in 
conditioning is more than a semantic 
quibble; it involves the more basic 
problem of factoring out the extent to 
which the learning involved in any 
given situation is conditioning proper 
and to what extent it is discrimination 
learning. The conclusion is that the 
UnCS and the UnCR can be most ap- 
propriately qualified by the term “un- 
conditional” rather than the term “un- 
conditioned,” but that the CS and CR 
can best be qualified by the termed 
“conditioned,” with “unconditioned” 
reserved for a stimulus which has not 
been or perhaps is to be conditioned 
and with “deconditioned” applied to a 
stimulus (or a response) after extinc- 
tion has occurred. 
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IDIODYNAMICS IN PERSONALITY THEORY WITH 
SPECIAL REFERENCE TO PROJECTIVE 
METHODS * 


BY SAUL ROSENZWEIG 


Departments of Psychology and Neuropsychiatry, 
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Though, as an eminent psychologist 
recently remarked, “New projective 
methods are a dime a dozen,” the con- 
ceptualization of these techniques still 
remains a scarce commodity. Only an 
occasional writer (4, 6) has recognized 
the conceptual difficulties and suggested 
possible solutions. The reasons for this 
lack are not far to seek. The projective 
methods of psychodiagnosis present un- 
precedented problems in psychological 
measurement, and these problems, in 
turn, arise from certain new conceptions 
of personality and of psychodynamics. 
Until these latter concepts have been 
systematically absorbed, the principles 
of test construction and standardization 
applicable to the projective techniques 
cannot be formulated. 


I. Tue INDIVIDUAL AND NorMs IN 
PSYCHOLOGICAL THEORY 


Part, if not the central aspect, of the 
new orientation in personality theory 
concerns the fate of the individual in 
the psychologist’s perspective.? Else- 
where (9) an attempt has been made 
to delineate three stages in the history 
of psychology: the first, in which the 
individual has figured as the representa- 
tive of the generalized human being to 


1 Presented in a preliminary version at the 
1950 meeting of the American Orthopsychiatric 
Association. 

2The obvious influence of G. W. Allport 
(Personality. New York: Holt, 1937), who 
has so effectively stressed the réle of the indi- 
vidual in the science of psychology, will be 
recognized by any informed reader. The em- 
phasis in the present account is, however, ex- 
plicitly psychodynamic. 


whom universal principles of segmental 
behavior could be applied; the second, 
in which he has been viewed as a more 
or less indivisible component of a sta- 
tistically conceived group; the third, in 
which he emerges as a world of events 
constituting a population subject to 
both statistical analysis and dynamic 
conceptualization. 

Closely tied to these conceptual desti- 
nies are three species of norms typically 
employed in psychological measurement 
and interpretation. Corresponding to 
the search for general laws of segmental 
behavior are certain implicit universal 
norms; in differential psychology—the 
psychometric approach—group norms 
on a statistical basis are explicitly em- 
ployed; where, finally, the person in his 
intra-individual dynamics is taken into 
account, individual norms are recog- 
nized as crucial. 

It is comparatively easy to illustrate 
the three kinds of norms by following 
the association method through its his- 
torical vicissitudes. After Galton in- 
vented it, Wundt and his students used 
the method to derive certain general 
laws of stimulus-response relationship 
in the tradition of the generalized hu- 
man being and of universal norms, In 
the descriptive psychiatric province the 
technique was developed for purposes 
of diagnostic differentiation, e.g., the 
work of Kent and Rosanoff, with group 
norms as the objective. With the ad- 
vent of psychoanalysis and Jung’s at- 
tempt to validate its concepts experi- 
mentally, the word-association method 
came to be employed as a probe for 
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individual norms, called by Jung “com- 
plexes.” The survey indicates that a 
single psychological tool can be em- 
ployed with quite different objectives as 
regards the réle of the individual and 
related norms. Furthermore, this ex- 
ample may serve to demonstrate that 
all projective methods, despite their in- 
digenous bias towards individual norms, 
allow as well for group and universal 
norms in a complete conceptualization. 

The accompanying chart summarizes 
the varying réles of the individual and 
the attendant, typical norms encoun- 
tered in the history of psychology and 
in contemporary psychological theory. 
«48 has already been implied, and as will 
appear later in further detail, the ob- 
jective of each theoretical matrix is dif- 
ferent and in each the individual as- 
sumes an appropriately modified con- 
ceptual réle. The norms that implicitly 
or explicitly prevail in the making of 
interpretations vary similarly and, as 
the chart indicates, the criteria of nor- 
mality or abnormality conform to pat- 
tern in each approach. The intended 
implication of the survey is that, while 
it is theoretically possible to take con- 
sistently different views of the individ- 
ual, the current trend is toward an 
idiodynamic formulation in which the 
person is studied with the dual purpose 


of understanding him as an individual 
and of deriving general principles of 
intra-individual functioning. Despite 
this emerging emphasis, the other two 
orientations are by no means obsolete 
and must be taken seriously into ac- 
count. 


II. IpropyNAmic PERSONALITY 
POSTULATES 


To appreciate how the projective 
methods can combine the various con- 
cepts of the individual, full recognition 
must first be accorded the “idiody- 
namic” approach to personality. The 
projective techniques embody this ap- 
proach in at least three closely related 
aspects: response dominance, configura- 
tion dominance, and idioverse domi- 
nance. These postulates are not only 
implicit in the methods of psychodiag- 
nosis but are rooted in psychodynamic 
theory generally. 


1. Response Dominance. Experimen- 
tal psychology, as well as the psycho- 
metric clinical approach, has always 
proceeded on the assumption that stim- 
ulus-response relationships provide the 
key to the understanding of behavior. 
In order to build a science of psychol- 
ogy the stimulus had to be a public mat- 
ter, externally defined, whether by the 
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experimenter or by the examiner. The 
formulation of behavior principles in 
which such externally defined stimuli 
were codrdinated to certain regularly 
expected responses constituted the goal 
of the traditional experimentalist. Sim- 
ilarly the psychometric examiner ef- 
fected his measurements by relating the 
responses of his subject to certain stand- 
ardized stimuli for which there were 
pre-defined expectancies of response. 
With the introduction of the psycho- 
dynamic point of view came a revolu- 
tion in the conception of the stimulus 
and of its relation to the response. The 
stimulus was dethroned; the dominance 
of the response ensued. The relation- 
ship of responses to each other in a 
given individual was now the matter of 
primary interest. 

To the traditional psychologist this 
new state of affairs represented a de- 
cided threat to the objective nature of 
science. In the new regime he saw the 
degeneration of psychology into a sub- 
jective, impressionistic game whose pro- 
ponents were at best clinicians and at 
worst charlatans. To the psychody- 
namic theoretician and to the projective 
diagnostician, however, the new ap- 
proach to the stimulus was imperative 
since it thus became possible to accord 
the individual personality its proper 
place in psychological study and theory. 
What is the answer? The difference 
between the older, traditional approach 
and the newer, psychodynamic one is 
not a matter of objectivity but of ob- 
jective. The psychophysicist, the be- 
haviorist and the psychometrician as- 
sume certain constant stimulus-response 
relationships and operate accordingly; 
the psychodynamic theoretician is inter- 
ested in the response-response relation- 
ships to be found in the given individ- 
ual. The change is from a search for 
stimulus-response relationships to the 
study of response-response relationships. 
Concurrently the generalized human be- 


ing yields place to the unique individual 
in central interest for the psychologist. 

Thurstone long ago recognized this 
shift and discussed it under the head- 
ing “stimulus-response fallacy” (14). 
Writing in 1924, he appealed in his 
exposition to the “New Psychology”— 
psychoanalysis—and credited it with 
cogently emphasizing relationships be- 
tween the impulse or need and the re- 
sponse of the individual, in contrast 
with the more academic practice of con- 
centrating upon relationships of stimu- 
lus and response. In the light of this 
statement the postulate of response 
dominance may be more sharply de- 
fined. Response-response relationships 
are significant not only in their own 
frame of reference but because they also 
reflect need-response relationships. The 
translation of manifest to latent content 
in Freudian dream analysis and the 
similar interpretations in the projective 
methods illustrate this type of infer- 
ence. The rdéle of the external stimu- 
lus may also now be clarified. In the 
formulations which stress response- 
response or need-response relationships, 
the stimulus is often merely a trigger, 
sometimes only an “excuse,” for evok- 
ing prepared reactions that have already 
been set in motion by the inner stimu- 
lation of an impulse. It is on this basis 
that the external stimulus is frequently 
regarded as being selected by the indi- 
vidual or by his impulse-nature from a 
multiplicity of possible external stimuli. 
Past stimuli, in so far as they have 
modified the inner organization of the 
personality, may thus be far more in- 
fluential in determining present beha- 
vior than any environmental stimulus 
acting at the moment. Réles are thus 
assigned to need or impulse, inner stim- 
ulation, past stimuli, present external 
stimulus, and response. 

To the projective methods the postu- 
late of response dominance is applicable 
with one important qualification. While 
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in the free-association method of the 
psychoanalyst no regard for a standard- 
ized stimulus of any kind is necessary, 
the concern being exclusively with rela- 
tionships between the subject’s earlier 
and later associations, in the field of 
the projective techniques there are usu- 
ally certain common stimuli that are 
employed consistently with all subjects. 
One of the advantages of the projective 
method lies precisely in this qualifica- 
tion. But this difference between the 
projective techniques and other psy- 
chodynamic methods of study compii- 
cates the problem of measurement and 
demands the recognition not only of 
individual norms but of group norms— 
stimulus-oriented—as well. The differ- 
ence between the word-association test 
as a projective method and the free- 
association method as the psychoanalyst 
employs it illustrates the point. 

Another way of recognizing the quali- 
fied application of response dominance 
to the projective techniques is to ob- 
serve that the examiner presents his 
standard stimuli primarily as a means 
of eliciting responses. The interrela- 
tionships of these responses contain the 
essence of what he is seeking—the or- 
ganization of the so-called “inner per- 
sonality.” The stimulus as such is more 
or less negligible—more in so far as the 
unique responses of the individual sub- 
ject delineate him psychodiagnostically, 
less in so far as the stimulus itself is a 
standard one applied to all subjects and 
related, within certain limits, to group- 
standardized responses that permit a 
certain amount of prediction about the 
subject’s relationships to other subjects. 
The nub of the problem again lies in 
the interplay of individual and group 
norms and their mutual definition. 

It should further be noted that uni- 
versa! norms are by no means ruled out 
in the psychodynamic approach. Con- 
cepts like repression and displacement 
are obviously considered to have a uni- 
versal application under the appropriate 
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conditions. But there is a difference 
between such general principles and the 
corresponding behavioristic stimulus- 
response formulations. In the last anal- 
ysis the conditions for repression and 
the threat to the ego which makes for 
the operation of this form of defense 
are to be found in the individual’s defi- 
nition of the stimulus situation accord- 
ing to his own past experience and pres- 
ent attitudes. Moreover the principle 
itself is mainly a statement of intra- 
individual dynamics rather than of any 
systematic relationship between exter- 
nally defined stimulus and internally 
mustered response. For the very dis- 
tinction between external and internal 
has largely disappeared and is gradually 
being replaced by a phenomenological 
frame of reference in which the “stimu- 
lus” and the “response” are interde- 
pendent aspects of the subject’s uni- 
verse. Since the stimulus is regarded 
as ultimately defined by the response, 
the former can no longer serve as an 
infallible determiner of the latter. 

2. Configuration Dominance. The 
twilight of the stimulus is matched by 
the similar subordination of the part to 
the whole in the idiodynamic approach. 
The phenomenologicai relationship be- 
tween stimulus and response is paral- 
leled by the absorption of parts into 
wholes. The important influence of 
Gestalt psychology is here recognized as 
complementing the already indicated in- 
fluence of psychoanalysis. The whole- 
ness of the subject’s behavior lies both 
in the pattern of his responses and in 
that of the standard stimuli projectively 
employed. The essential totality is, of 
course, the world of the individual in 
which “responses” and “stimuli” are 
mutually definitive. 

Stated thus baldly the postulate of 
configuration dominance is as much a 
threat to the traditional psychologist as 
is the postulate of response dominance. 
Both signalize the eclipse of scientific 
“objectivity.” Increasingly, however, 
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empirical work has demonstrated both 
in Gestalt psychology and in experimen- 
tal psychoanalysis, if not as yet in the 
field of the projective methods, that 
these postulates are denotatively stable, 
not merely a confession of faith in the 
uniqueness of the individual. A new 
conception of objectivity is perhaps im- 
plicit in recent approaches to the per- 
son, but the fact that the new objectiv- 
ity differs from the old is in itself no 
criterion of adequacy. It must in the 
end be recognized that the conception 
of objectivity inherited from nineteenth 
century science rests upon a one-sided, 
if not prejudiced, view of the individual 
and his place in nature. The final test 
must, as always in scientific method, 
rest with the evidence. When it be- 
comes possible in the course of time and 
experience to compare the effectiveness 
of the older and newer approaches in 
terms of their capacity to allow predic- 
tion and control, the relative merits of 
each can be determined. 


An important aspect of the part- 
whole problem as applied to psychody- 
namics and the projective methods is 
found in the conception of personality 


levels (7). In attempting to under- 
stand the individual as such, it is es- 
sential to recognize various levels or 
layers of the personality, either in terms 
of conscious and unconscious, as id, ego 
and super-ego, or, perhaps more demon- 
strably, as opinion, overt and implicit 
levels of response. In whatever terms 
the formulation is made, it becomes in- 
cumbent upon those working with pro- 
jective methods and psychodynamic 
concepts to distinguish the interplay of 
personality levels in any observed be- 
havior. Interpretation, as the concept 
is employed in psychodynamics, rests 
largely upon this distinction, e.g., in 
Freud’s differentiation of manifest and 
latent dream content or in Lewin’s dis- 
tinction between phenotypical and geno- 
typical levels of explanation. 
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3. Idioverse Dominance. This third 
postulate has been partially anticipated 
and exemplified in the previous argu- 
ment. In fact, all three of the postu- 
lates here outlined are aspects of a sin- 
gle reorientation. But each aspect de- 
serves separate emphasis. 

Idioverse is the name here given to 
an individual’s universe of events. The 
concept is implicit in psychoanalytic 
theory and has been advanced in more 
than one independent version (1, 11, 
13); the term is new. Idioverse domi- 
nance highlights the standpoint of the 
individual in any attempt to understand 
him. At the same time, as has already 
been noted, the individual is conceived 
not to exist in a world completely sepa- 
rated from the worlds of others. Thus 
individual norms, e.g., complexes, play 
an important part in the assessment of 
personality but, at the same time, group 
norms, in terms of shared experiences of 
a common stimulus, also play a part. 
Universal norms and general principles 
based upon them contribute to idiody- 
namic theory, though—to repeat—these 
general principles differ from the tradi- 
tional ones of experimental psychology 
in the extent to which intra-individual 
organization is emphasized and in the 
way in which the stimulus is defined 
“subjectively” by the individual’s own 
performance. The inclusion of group 
and universal norms, as well as individ- 
ual ones, is wholly compatible with idio- 
verse dominance. Frequently the error 
is made both by opponents and pro- 
ponents of the projective techniques of 
identifying these tools with the ap- 
proach of individual norms alone. 

It follows from the postulate of idio- 
verse dominance that the projective 
technique is not to be conceived as a 
“test” in the usual sense.* The test, 


3 If the reader notes the sedulous avoidance 
of “test” as a substantive following “projec- 
tive” and a consistent preference for “method,” 
“technique” or “procedure,” the reason is ap- 
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as it has become known in the field of 
psychometrics, exists for the measure- 
ment of individual differences in a 
group, the norms being statistical or 
group norms. To place the individual 
in the group becomes the aim of the 
procedure. External standards, pre- 
established by the examiner or by his 
colleagues who standardized the test, 
determine right and wrong responses— 
just as certain expected responses to 
objectively defined stimuli figure in the 
principles of behavioristic, general psy- 
chology. In the projective technique, 
as contrasted with the psychometric 
test, the approach is shifted from an 
emphasis upon group norms to an em- 
phasis upon individual norms—the more 
or less unique ways in which the subject 
structures or interprets the eliciting 
stimuli. As has been pointed out else- 
where (10), however, it is still neces- 
sary to employ group norms, wherever 
feasible, in order to demarcate the indi- 
vidual from the group. If, for example, 
one does not know what is commonly 
given as a response to a particular TAT 
card, it becomes impossible to say what 
is unique. Group norms thus play a 
part in the detection of individual re- 
sponses and of the individual norms im- 
plicit in them. Moreover the delinea- 
tion of individual norms serves not only 
to show how the person functions in his 
particular universe but also to prefigure 
the inner organization of his personal- 
ity according to the relatively universal 
principles of psychodynamics. The uni- 
versal norms of psychodynamics thus 
combine with the individual norms 
adumbrated in the projective methods 
to prepare the way for laws applicable 
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parent at this point. 
is not to be confused with the psychometric 
test. The term “test” has been preémpted for 
use in the orientation of the stimulus, the seg- 
ment, and the external universe of the person 
as something imposed upon the subject from 


without. To respect this usage promotes 


clarity. 
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to the population of events in the indi- 
vidual universe. 

The conceptualization of the projec- 
tive techniques is possible only on the 
basis of the foregoing postulates. Re- 
sponse dominance, configuration domi- 
nance, and idioverse dominance involve 
a complete revolution of thinking in 
psychological measurement. The famil- 
iar concepts of test construction and of 
experimental design are obviously in- 
compatible with such a radical reorien- 
tation even though, as in all revolutions, 
the past is to a certain extent implicit 
in and serves as an evolutionary foun- 
dation for the over-emphasized present. 


III. THe CONCEPTUALIZATION OF 
PROJECTIVE TECHNIQUES 


From the foregoing exposition of per- 
sonality theory as related to the projec- 
tive methods it should be easier to ap- 
preciate the difficulties which these 
techniques present, as compared with 
the usual psychometric test, when prob- 
lems of test construction and standardi- 
zation are posed. The present discus- 
sion of these difficulties will be limited 
to the two chief dimensions in respect 
to which the traditional test has had to 
prove itself. These dimensions are, of 
course, reliability and validity. 


1. Reliability. The inapplicability of 
the traditional reliability concept to 
projective techniques can be readily ap- 
preciated if the previous discussion of 
configuration dominance is recalled. 
The standard stimuli in the projective 
method are almost always considered to 
constitute a configuration that cannot 
be analyzed into its separate parts or 
segments without significant loss of 
meaning. Thus the Rorschach cards 
have certain relationships to each other 
on the basis of which it is possible to 
detect so-called “color shock.” Changes 
in the reaction time from card to card 
and differences in the quality of re- 
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sponse, all of which derive from the 
fact that the subject has first seen cer- 
tain cards and is then shown others, 
depend upon the configurational unity 
of the total series. Once this fact is 
recognized it becomes obvious that the 
reliability of a projective technique can- 
not be determined by either the split- 
half or alternate-item methods. Not 
only are the parts or aspects of these 
psychodiagnostic instruments interde- 
pendent, but even when separable they 
differ from the parts of a psychometric 
test in being of unequal psychological 
import. This inequality is, moreover, 
not merely a quantitative but is rather 
a qualitative matter. The inequality of 
units refers not to differences in the 
difficulty of items or in the capacity of 
the subject to suive them, but to dif- 
ferences in the kind of psychological 
reaction the stimuli may be expected to 
elicit. Under these circumstances any 
attempt to divide the total series of 
cards into a first half and a second half 
or to equate odd and even items for the 
purpose of determining reliability would 
violate the essence of the procedure. 
Any two “halves” of the method are 
simply not intended to be equal and 
hence should not correlate with each 
other if the projective technique lives 
up to its configurational design. 

One might then maintain that it 
should at least be possible to use alter- 
nate forms of a projective technique and 
establish reliability by this means. To 
a certain extent the suggestion has been 
borne out in practice. Thus one finds 
for the Rorschach method not one but 
two alternate forms—the Behn and the 
Harrower. In theory the solution is less 
simple. If one is to examine the same 
subject on two different occasions with 
either the same or alternate versions of 
a particular projective technique, it is 
still necessary to consider the possibil- 
ity that the experience of participation 
on the first occasion may affect the sec- 
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ond performance. The temporal con- 
figuration of the subject’s total experi- 
ence here manifests itself in a new form. 
The nearest equivalent to this dilemma 
in the psychometric test of capacity is 
the effect of practice on performance, 
but since ability is presumably static 
over a brief period of time, such effects 
are negligible or can be statistically cor- 
rected. In the projective methods such 
solutions are not available, for one is 
there attempting to evaluate subtle per- 
sonality processes with a temporal di- 
mension that includes the configura- 
tional effect of earlier upon later ex- 
perience. 

Moreover any theory of personality 
must take into account the general fact 
that a person is not identically the same 
from the time of one experimental or 
psychodiagnostic session to that of an- 
other. To be sure, there are presum- 
ably stable aspects of personality which 
have a certain degree of permanence 
and should be measurably equal from 
one day to the next. However, these 
stable and basic aspects are not yet 
easy to define or to tap. Mood changes 
are sometimes noted to affect the re- 
sults even of the venerable Rorschach. 
In other words, to study the subject’s 
performance on several occasions is not 
merely to assess the reliability or sta- 
bility of an instrument—as is true for 
the psychometric test; one is inevitably 
committed to the measurement of per- 
sonality consistency. The familiar reli- 
ability concept is, therefore, too narrow 
for the projective field. 

In some of the writer’s experimental 


_work the foregoing considerations as to 


the repeatability of a subject’s perform- 
ance have led to a novel concept——“the 
range of personal variability.’ The 
concept is intended to allow for the 
scope which any personality must be 
permitted if it is to maintain its con- 
stantly changing and dynamic charac- 
ter. On the assumption that personal- 











220 


ity is constituted of a population of 
events (the idioverse), the range of 
variability here in question corresponds 
to the standard deviation or some other 
measure of dispersion around the mean 
performance. A statistical analysis of 
the intra-individual population is thus 
envisaged as part of any reliability de- 
termination. It is hoped that by con- 
cepts of this kind it will be possible 
eventually to adapt or replace the tra- 
ditional techniques of test construction 
and standardization. In such efforts 
the theory of personality and of psycho- 
dynamics will, of course, have to be 
closely coérdinated with the statistical 
methods evolved. 

In the meantime it is well to bear in 
mind that the reliability dimension has 
its own limitations. Reliability as such 
is no unmixed blessing, especially in the 
field of personality assessment. It is 


self-evident that a high degree of re- 
test reliability, demonstrated for a par- 
ticular personality inventory, may have 


been achieved by virtue of an equal de- 
gree of invalidity on both occasions. If 
the subject commits the same “opinion 
errors” both times, the scores of his 
tests will, of course, correlate highly. 
The important conclusion will, however, 
not then be that the inventory has 
proved to be reliable but rather that it 
has proved—if we can prove it—to be 
equally invalid on the two occasions. 
Validity thus becomes a far more basic 
matter than reliability—a point to 
which it will be necessary to return. 

A confusingly related consideration is 
the reliability of scoring. In psycho- 
metric tests, e.g., the Stanford-Binet, 
response samples and other means of 
making it possible for different exam- 
iners to score identically have played an 
obvious part. When, however, a pro- 
jective technique is under scrutiny, the 
reliability of scoring becomes more 
problematic, since here the variety of 
possible responses is so much greater 
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and their anchorage to the stimulus is 
so much looser. In this context Harri- 
son and Rotter (5) have attempted to 
show that the TAT can be consistently 
scored by two independent workers. A 
similar project has been devoted to the 
Picture-Frustration Study (2). Relia- 
bility of scoring as here recognized, 
should not, however, be confused—as 
Harrison and Rotter tend to do—with 
test reliability in the usual sense. 

2. Validity. Far more intricate than 
the problems associated with reliability 
are those connected with validity. As 
Ellis (3) has shown in his critical re- 
view, the validity of personality inven- 
tories is notoriously weak as compared 
with their reliability. In fact, it al- 
most appears as if the student of per- 
sonality has consoled himself with high 
reliability coefficients in compensation 
for any adequate degree of validity. In 
contrast to this ’state of affairs it should 
be noted that proponents of the pro- 
jective methods have always put valid- 
ity ahead of reliability. Their demon- 
strations of validity have not, however, 
always convinced others. Clinicians are 
apt to be too easily satisfied with the 
consistency of their own experience as 
a- proof of validity. Some of them even 
make a fetish of the fact that the meth- 
ods they use do not need, or at least 
cannot benefit from, the time-honored 
techniques for establishing validity. 
Anyone who has had clinical experience 
in the appraisal of personality by pro- 
jective and cognate methods can testify 
to this temptation. 

The student of personality theory 
and measurement cannot afford to be 
so sanguine. He requires systematic 
evidence, carefully controlled. At the 
same time he takes issue with those in- 
vestigators from the psychometric field 
who, not being conversant with the 
psychodynamic basis of the projective 
techniques, tend to ignore the postu- 
lates reviewed above. “he most com- 
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mon error of this kind involves the use 
of segmental “objective” methods of de- 
termining both reliability and validity. 
Vernon (15) early recognized the limi- 
tations of such approaches to the Ror- 
schach and offered the matching method 
as one corrective. 

In keeping with this orientation the 
first aspect of the validity problem in 
the projective methods concerns their 
configurational properties. To be com- 
pletely consistent one might even ques- 
tion whether the scoring of projective 
productions, segment by segment, does 
not violate their Gestalt character. The 
insistent need for analytic scoring if 
one is to come to grips with the data 
has denied this point the systematic at- 
tention it deserves. Perhaps this par- 
tial blindness implies a recognition that 
no alternative exists except a frankly 
impressionistic and suspect approach to 
the subject’s total productions. But 
before the alternative is dismissed, it 
might be useful to consider with Sara- 
son (12) the possibility of putting so- 
called subjectivity or impressionistic in- 
terpretation (as opposed to scoring) on 
an objectively phenomenological basis. 
There is nothing to prevent empirical 
studies of the comparative validity of 
impressionistic interpretations with oth- 
ers arrived at by the more usual ana- 
lytic-synthetic procedures. 

Closely related to the scoring issue is 
the problem of interpreting particular 
quantities or values of an isolated scor- 
ing factor. Beck, for example, has 
repeatedly emphasized that identical 
quantitative values for any one of the 
Rorschach factors may have quite dif- 
ferent psychological meanings depend- 
ing upon the total pattern of scores in 
which that quantity is embedded. If, 
therefore, one is to validate a projective 
technique, it is necessary theoretically 
to consider this multipotentiality of the 
isolated factor. One must take into 
account the shifting meaning of its 
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whole range of quantities, each one of 
which can, in turn, have a multiplicity 
of meanings according to whether it is 
found in any one of a multiplicity of 
scoring patterns. As can readily be 
seen from this rather appalling, but not 
exaggerated, statement of the case, the 
prospect involves an almost limitless 
number of situations to be validated. 

But it is necessary to validate more 
than the individual factors of a projec- 
tive technique; the various patterns of 
such factors lie even closer to the con- 
figurational approach which these meth- 
ods espouse. According to the previous 
exposition of idiodynamic postulates, it 
could even be maintained that individ- 
ual scores or measures have a partial, 
if not misleading, significance psycho- 
logically and that only the total record 
or protocol should be interpreted. Some 
hope is perhaps to be found in following 
this line of thought to its logical con- 
clusion. Are there possibly certain 
qualitatively unitary aspects of person- 
ality—certain qualitative quanta—that 
are more or less finite in number and 
that may be isolable in the various pat- 
terns that a projective technique dis- 
closes? If such a hypothesis is justified, 
the aim of validating various separate 
quantities of a particular scoring cate- 
gory would be abandoned. Only con- 
figurations of scores would be consid- 
ered as having possible significance, and 
a subject’s record would be scrutinized 
as a whole or as a constellation of 
wholes with certain possible unitary 
meanings. 

Having considered the special prop- 
erties of the projective technique as 
they affect validation, it is necessary to 
examine next the broader issues of the 
validation procedure in its entirety. 
The first of these issues is the definition 
of the validity objective. To ask in 
general terms whether a projective 
method is valid or not is relatively 
meaningless. It is always essential to 
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decide for what particular purpose—for 
what specific predictive or heuristic use 
—the validity of the procedure is to be 
assessed. Far too often this obvious 
caution is not observed, and the results 
obtained are then bound to be confus- 
ing and inconclusive. 

The definition of the independent 
validity criterion is another frequent 
source of confusion. In particular, the 
problem of levels of personality expres- 
sion (7) is here noteworthy. Whether 
the subject is manifesting the opinion 
(self-critical), overt, or implicit level 
of behavior, or some combination of 
them, is not easy to determine. Yet if 
a projective method is tapping one level, 
say the implicit, and the judgment of 
personality with which the technique 
is to be correlated for purposes of vali- 
dation is made at another level, say the 
overt, the fact that little agreement be- 
tween these two assessments were found 
to exist would in no way reflect upon 
the validity of the instrument. Unless 
this difference in levels had been taken 
into account, false conclusions might 
be drawn regarding the validity of the 
technique. 

The problem of validating the inde- 
pendent criterion is a further aspect of 
its proper definition. When one resorts 
to an independent criterion, one turns 
inevitably to one or another of three 
main sorts of evidence: one may make 
or ask for certain observations of the 
subject in situations independent of the 
projective method; one may obtain rat- 
ings from some judge who has observed 
the subject under favorable conditions; 
or one may apply other measuring in- 
struments with the intention of correlat- 
ing their results with those of the in- 
strument to be validated. The hazards 
connected with each of these courts of 
appeal are readily apparent and have 
been repeatedly described. Observa- 
tions made on a subject are inevitably 
colored by the situation in which he 
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was observed or by the personality of 
the observer, and such evidence is there- 
fore often as dubious as the evidence of 
the projective method to be validated. 
Ratings are similarly apt to be subjec- 
tively contaminated, even when the 
judge is highly motivated and conscien- 
tious in the performance of his task. 
Measures from other instruments, espe- 
cially if projective, are themselves apt 
to be questionably valid. To validate 
one unvalidated projective technique by 
means of another involves the investi- 
gator in a circular type of argument, 
with the blind leading the blind. It 
may be concluded that no investigation 
of validity can be more than suggestive 
or preliminary unless precautions are 
taken in it to establish the validity of 
the independent criterion. 

To accoimplish the above goals in re- 
spect to validation new investigative 
procedures may be indicated. One ex- 
ample is the method of validation by 
successive clinical predictions (8). 

3. Relative Values of Reliability and 
Validity. Up te this point reliability 
and validity have been considered more 
or less separately. It may now be use- 
ful to cast a glance at their interrelated 
significance. As has been indicated 
above, reliability without validity can 
be a doubtful virtue. If one must make 
a choice, it is obviously validity that is 
fundamental. 

It can be convincingly maintained 
that validity demonstrated on repeated 
occasions implies reliability. To put 
the matter in these terms has a certain 
advantage from the standpoint of per- 
sonality theory since stress is here 
placed upon the importance of measur- 
ing what one purports to measure. Re- 
liability as such is more a property of 
an instrument than it is a reflection of 
the relationship between an instrument 
and the personality one seeks to assess. 
The only merit in getting the same an- 
swer twice with a particular measuring 
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rod lies in the fact that the measure 
actually reflects some property of that 
which is to be measured. In so far as 
personality is itself inconsistent or sub- 
ject to change with time, room is rightly 
left for a certain degree of psychometric 
“unreliability” without any contradic- 
tion to the validity of a projective tech- 
nique or to its essential reliability. 


IV. SumMMARY 


In the history of psychology the theo- 
retical fate of the individual and the 
attendant norms for interpreting his be- 
havior have evolved in an idiodynamic 
direction. The essential postulates of 
the idiodynamic approach are response 
dominance, configuration dominance, 
and idioverse dominance. Personality 
theory of this type is fundamental to 
any compelling conceptualization of the 
projective techniques, but cannot be 
used in isolation from the relevant as- 
pects of the general-experimental and 
psychometric points of view. In thus 
integrating personality theory with the 
newer methods of psychodiagnosis, the 
traditional concepts and methods of test 
construction and standardization, nota- 
bly reliability and validity, must be 
recast. 
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SOME THEORETICAL CONSIDERATIONS OF LEARNING’ 
BY W. J. BROGDEN 


University of Wisconsin 


I am not opposed to theories of learn- 
ing nor to their development. It is my 
opinion that some phenomenon of learn- 
ing is involved, either directly or indi- 
rectly, in the conduct of almost every 
psychological experiment. If the data 
collected are not the acquisition, reten- 
tion, or transfer of performances by 
subjects, they are dependent upon prior 
acquisitions and their retention or trans- 
fer. Thus learning is the core of the 
science of psychology. The advance- 
ment of knowledge in other areas of 
psychology depends upon the advance- 
ment of our understanding of learning. 
General laws of learning, then, are the 
goal. Although laws in the last analysis 
have their origin in experimental results, 
theory development can assist mate- 
rially in such progression. A theory 
may organize the results of many re- 
searches, it may bring new relations to 
light, or it may serve as a catalyst for 
fruitful experimentation. On the other 
hand, a theory of learning may impede 
advancement seriously. It may fail to 
consider existing experimental evidence 
that does not support it; it may encour- 
age research to proceed in non-produc- 
tive channels; or it may define problems 
verbally that cannot be attacked experi- 
mentally. There are other ways in 
which theories can hinder advancement 
or accelerate it. Each of our present- 
day theories is probably doing both. 

It is not my purpose, however, to ex- 
amine present-day theories of learning 
separately, nor to criticize some and 
support other parts of their structure. 
Rather I hope to comment construc- 
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tively on some general problems that I 
believe are common to the development 
of theories of learning. 

The first of these problems is that of 
the units for describing psychological 
phenomena. I shall assert that all psy- 
chological phenomena are samples of 
behavior—reactions, responses, or ways 
of conduct. This is a well-beaten path, 
and therefore not difficult to follow, but 
the next step, that of classifying all of 
the different kinds of behavior, is the 
crux of our taxonomic problem, There 
has been no successful attempt to item- 
ize ways of behaving and to locate each 
item within a comprehensive classifica- 
tion system. One finds only the rough 
general classes that are made by the 
adjectival modification of the nouns be- 
havior and response: learned behavior, 
unlearned behavior, intelligent behavior, 
emotional behavior, unconditioned re- 
sponses, conditioned responses, verbal 
responses, motor responses and the like. 
There have been proposals that be- 
havior be classified in terms of the 
stimuli that evoke it, or in terms of the 
goals toward which it is directed. No 
systems of classification have been de- 
veloped from these suggestions that are 
adequate for either experimentation or 
for the construction of theory. It prob- 
ably is not possible to achieve a com- 
prehensive classification of behavior at 
the present time. However, experimen- 
tation and theory construction will be 
hampered, and the formulation of gen- 
eral laws will be impossible until this 
has been done. I wish to propose sev- 
eral steps that should aid in the solu- 
tion of this problem. 

One is to limit the frame of reference 
for theories of learning to experimental 
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results and the laboratory conditions 
under which the results are obtained. 
Empirical observations of one’s dog, 
one’s children, one’s fellows, one’s cli- 
ent or one’s self have no place in the 
construction of theory, nor is their use 
legitimate in arguments that purport to 
favor or oppose a given theory. A sci- 
entific theory is relevant only to the 
facts and relations obtained by scientific 
methods. It may account for incidental 
observations made in everyday life, but 
it cannot be held responsible if it fails 
to do so. If theories of learning are 
constructed to encompass only the ex- 
perimental study of learning, and are 
treated only in this co= ext, both de- 
velopment of theory an: 2xperimenta- 
tion will contribute more effectively to 
the solution of the classification prob- 
lem and to the apenas of general 
laws of learning. 

Another forward step c can be made by 
standardization of apparatus and of 
methods and procedures used in ex- 
periments on learning. This is easier 
said than dene. It has been said before, 
and we still have marked variation in 
many of the conditions of experiments 
that deal with the same problem, even 
in the case of a series of experiments 
completed by a single research worker. 
The only suggestion that I can make 
is that the Division take responsibility 
for solution of the problem of standardi- 
zation, not only for learning, but for all 
areas of experimental psychology. It 
is obvious that standardization would 
accomplish much. Not the least of 
these accomplishments would be that 
of providing an excellent basis for a 
system of classifying behavior. 

The major step towards solution of 
the taxonomic problem would be taken 
if there were available for each of our 
psychological laboratories a pool of sub- 
jects whose lifetime job was that of be- 
ing a subject in psychological experi- 
ments. Each subject pool would have 


225 


to meet many conditions and there 
would be special requirements for any 
given pool in order that it be of maxi- 
mum utility to a particular laboratory. 
The obstacles to be overcome in organ- 
izing such a supply of subjects are enor- 
mous, but I am convinced that at some 
time in the future something of this 
sort must be done if the frontiers of 
psychology are to be advanced further. 
Experimental case histories on subjects 
would be a tool of tremendous value. 
Think of what this would mean in solv- 
ing the problem of classifying behavior, 
in the design and conduct of experi- 
ments, and in the development of the- 
ories. We should then be able to find 
out whether or not a psychology based 
on studies of the college sophomore and 
the white rat differs from a psychology 
based on studies of human beings. Ob- 
viously the only possible financial source 
for such a program is the Federal Gov- 
ernment. With the National Science 
Foundation now coming into being, we 
should seek support from it for such a 
program. 

A second general problem for theories 
of learning has to do with whether or 
not there is more than one type of learn- 
ing. This also is a problem of classi- 
fication. It may or may not be the 
same as the problem of classifying be- 
havior. Any apparent differences in 
types of learning may be no more than 
differences that exist between different 
classes of behavior. If this is so, the 
problem will be solved when an ade- 
quate taxonomy of behavior has been 


‘developed. On the other hand, some 


theories of learning distinguish between 
two or more types of learning, and this 
proposal can certainly be given consid- 


eration. Learning is not a well-defined 


phenomenon. It covers a very wide 


‘range of events and conditions, and it 


is not always easy to distinguish phe- 
nomena of learning from other psycho- 
logical phenomena. Although learning 
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includes acquisition, transfer, and re- 
tention, in the context of learning the- 
ories it is almost always synonymous 
with acquisition. It is in this sense 
that the term learning will be used in 
the following discussion. 

Learning is a change in the behavior 
of an organism. The change has direc- 
tion from an initial quantity or profi- 
ciency of performance to a different 
quantity or greater proficiency of per- 
formance. Its course is limited by the 
arbitrary initiation and termination of 
measurement. It is a function of the 
repetitive or continuous presentation of 
the conditions under which measure- 
ment of the change in performance is 
made. These are the salient character- 
istics of learning as it is measured ex- 
perimentally. Differences. in learning 
occur in terms of each of these charac- 
teristics and in their combinations. Dis- 
tinctions between types of learning oc- 
cur primarily in terms of the conditions 
under which measurement of the change 
in performance is made. But not all 
theorists are willing to deal with learn- 
ing in terms of performance. Some in- 
sist on a distinction between the two. 
Learning is not performance, but it is 
inferred from performance. The infer- 
ences are called intervening variables or 
hypothetical constructs, and it is in 
these terms that learning is described 
and defined. 

It is not necessary that learning be 
inferred from performance. Learning 
can be measured as directly as any item 
of behavior. It has a beginning and 
an end, and this gives it the character- 
istic of duration. Since it is a change 
in performance with direction, it has a 
latency and an amplitude. Its course 
is given by the learning curve. It is 
true that learning is measured in terms 
of some property of an item of per- 
formance, its latency, amplitude, rela- 
tive frequency, or rate. But this does 
not mean that learning is something 
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other than performance, and that it can 
only be inferred from performance. It 
demonstrates that learning is perform- 
ance, and that the direct quantification 
of learning is possible only in terms of 
performance. Since the intervening 
variable has status only as inference, 
it cannot be dealt with directly in ex- 
perimentation. Its existence lies in the 
realm of theory and its evaluation as a 
tool for theory will depend upon evalu- 
ation of theories that make use of it. 
The distinction of different types of 
learning will depend in part upon how 
learning is measured and whether it is 
treated directly as performance or as 
an inference from performance. But 
the primary distinction of different 
types of learning, if they do exist, will 
be in terms of conditions. The range 
of conditions under which learning oc- 
curs is extensive. New conditions of 
learning are being uncovered by experi- 
mentation all the time. This situation 
will undoubtedly continue indefinitely. 
In fact, there may be no finite limits to 
the conditions that can influence learn- 
ing. With such a wide range of con- 
ditions, and a generality of learning 
such that it extends into every area 
and field of psychology, distinctions be- 
tween types of learning can readily be 
made. The theoretical problem is not 
whether there is more than one type of 
learning, but how many types there 
are. It is by means of the dimensional 
analysis of the conditions of learning 
that this problem will be solved. This 
cannot be done by experimentation 
alone. We need scales that will locate 
the various phenomena of learning on 
precisely defined dimensions, so that 
quantitative differences can be related 
to the various conditions of learning 
also expressed quantitatively. The de- 
termination of degrees of similarity, and 
of differences in the quality or quantity 
of learning, is our persistent headache. 
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Theory development should be able to 
contribute much here. 

We have theories of learning in large 
part because of the assumption that for 
learning to occur there are certain con- 
ditions that are necessary. We have 
different theories of learning because 
different conditions are assigned this 
special value. Neither of these assump- 
tions may be correct. The assumption 
of a limited set of conditions always 
necessary for the occurrence of learn- 
ing is restricted to theories that do not 
differentiate between different types of 
learning. If we are able to differentiate 
between different kinds of learning, the 
assumption will be changed as follows: 
for learning of a particular type to oc- 
cur there is a certain set of necessary 
conditions. Theories then would differ 
among themselves not only in terms of 
the assignment of special value to cer- 
tain conditions for a given type of learn- 
ing, but also in terms of the types of 
learning that they would admit. Argu- 
ments about theories tend to be argu- 
ments about the values assigned to cer- 
tain conditions. If we develop theories 
that distinguish between types of learn- 
ing, some of the disagreement between 
theories will disappear, since certain 
critical conditions will be assigned to 
one type of learning, and others to other 
kinds of learning. But as long as there 
are different theories of learning, their 
differences will be primarily in terms of 
the assignment of critical value to cer- 
tain conditions. 

All theories contain positive asser- 
tions, and some contain negative asser- 
tions. The positive assertions of one 
theory implicitly carry negative asser- 
tions relative to the positive assertions 
of another theory with which it is in 
disagreement. Negative assertions in 
a theory, whether explicit or implicit, 
represent the same order of logic as that 
of drawing conclusions from an experi- 
ment with negative results. If the re- 
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sults of an experiment are negative, 
there is no way by which one can assign 
cause to a particular variable or set of 
variables. It may be interesting to 
speculate about the conditions in a 
negative experiment, and such specula- 
tion can assist in redesign of the experi- 
ment so that it produces positive re- 
sults. But speculation about the results 
of negative experiments sometimes in- 
trudes into theories, and theories are 
then developed in terms of these specu- 
lations. If it is possible to draw nega- 
tive conclusions, it can be done only 
from an exhaustive series of experiments 
in which all of the variables present in 
the experimental situation have been 
varied throughout their dimensions and 
in combination with each other. This, 
however, is not usually a productive 
type of research, and few experimenters 
have engaged in it. 

Negative results in a learning experi- 
ment are always a relative matter. 
Usually only a single item of the organ- 
ism’s behavior is under measurement. 
Not all variables other than the inde- 
pendent variable are held constant, and 
some of these may vary systematically 
rather than in random fashion. There 
may be variables present that have not 
been identified, or that the experimenter 
considers have no significance for the 
experiment. Negative results may be 
negative only in the terms of the re- 
sponse designated by the experimenter, 
or they may be a function of interac- 
tions between variables that are in- 
volved in the experimental situation. 

I had some serious difficulties with 
the first dog I tried to condition. I was 
shown how, I was told how, and I had 
read how. At the end of several train- 
ing sessions the dog was not giving any 
conditioned responses, so at the next 
session I increased the intensity of the 
shock. There were still no conditioned 
responses, so I again increased the in- 
tensity of the unconditioned stimulus. 
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On a given trial, the animal struggled, 
and chewed through the strap that pro- 
vided for attachment of a lever to the 
right foot, the foot that was being 
shocked and that was to be conditioned 
to the bell-conditioned stimulus. I got 
some leather, cut it, and riveted it to- 
gether to make a new strap. When this 
was attached to the lever and to the 
dog’s foot, I continued the training ses- 
sion. It was not many trials before the 
animal responded to the bell again by 
chewing the strap in two. Shortly 
thereafter my career as a psychologist 
was giving way to that of harnessmaker, 
and the dog had a stable conditioned 
response of chewing a strap in two at 
the sound of a bell. When I sought ad- 
vice, it was pointed out to me that I 
was using a shock of too great intensity, 
the lever stray) was too long, the head 
stock was too ‘igh, a collar clip was not 
being used, and the belly strap was ad- 
justed too loosely. Too much shock 
produces struggling and diffuse activity. 
A long strap facilitates its being chewed 
in half. The adjustments of the head 
stock and belly strap force a posture 
on the dog from which forelimb flexion 
can be made only with great difficulty. 
With the appropriate changes in these 
experimental conditions, further appli- 
cation of the training procedure resulted 
in elimination of the conditioned chew- 
ing response and quick establishment of 
a stable, clearly defined conditioned 
flexion response to the sound of the 
bell. 

If learning does not occur with the 
absence of a particular condition, it 
does not follow that this particular con- 
dition is necessary for learning. The 
negative results are in terms of learn- 
ing as defined by the experimenter, and 
may be the result of conditions the 
presence of which the experimenter is 
unaware or the importance of which he 
is unable to recognize. Changes in the 
‘ quantitative combination of conditions 
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under which negative results were ob- 
tained may produce learning. The in- 
troduction of a different variable into 
the combination of conditions may also 
produce learning. A theory of learning 
that assigns a critical value to a given 
set of conditions states in effect that 
learning will not occur in the absence 
of these conditions. It seems to me that 
it is more fruitful to assume that learn- 
ing of some kind always occurs in ex- 
periments conducted on normally re- 
ceptive and responsive organisms. Thus 
if negative results are obtained, they 
are recognized as being negative only 
in terms of the learning problem set by 
the experimenter. The immediate prob- 
lem, then, is one of finding what kind of 
learning did occur in the experimental 
situation, and the later problem to dif- 
ferentiate the conditions that produce 
the acquisitions that are in competition. 
For theory development this assump- 
tion would provide the same problem 
at a more general level and the critical 
value of variables would be assigned to 
this learning or that learning, not to 
this learning or no learning. 

There is a relation between theory 
and experiment in the field of learning 
that I consider to be a detriment to 
both. The so-called crucial experiment 
has its origin in theoretical formulations 
of learning that assign critical values 
to certain conditions. It is a kind of 
experiment that is simple in design and 
complex in its theoretical entangle- 
ments. It usually involves two sets of 
conditions only, one set that is pertinent 
to one theory and another set pertinent 
to an antagonistic theory. It is de- 
signed and conducted by a vigorous pro- 
tagonist of one of the two theories. 
Now for an experiment to be crucial its 
design at least must be so accepted by 
the proponents of each. In practice 
this rarely occurs. The protagonist of 
the other theory has his own crucial ex- 
periment. In any case the interpreta- 
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tion of results of a crucial experiment 
allows plenty of leeway for argument. 
So crucial experiment follows crucial 
experiment, sometimes as a sort of par- 
allel play. This represents a distorted 
system of values in the field of learning. 
Too much weight is being given to the- 
ory. Work on the construction of learn- 
ing theories is important, and crucial 
experiments may contribute to theory 
development, but neither should be val- 
ued too highly. To approach our goal 
of understanding learning, both theory 
and experimentation are necessary, but 
the formulation of general laws of learn- 
ing will depend more upon the results 
of experiments than upon theories. An 
experiment in which the independent 
variable has been varied quantitatively 
over its entire scale, in which the param- 
eters are identified and measured quan- 
titatively, can result in a quantitative 
relation between the independent and 
dependent variables that is susceptible 
to mathematical expression. This kind 
of result is a law of learning. It may be 
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a minor law, but it is the stuff from 
which more general laws of learning will 
be derived. It is with theory that we 
must bridge the gap from the minor 
laws derived directly from experiments 
to more general laws of learning. In 
my opinion theories are of secondary 
importance. If we will do more of the 
kind of experimentation just mentioned, 
theory development will pretty much 
take care of itself. 

We will probably always have gaps 
in our knowledge of learning, and there- 
fore many unsolved problems. It is 
possible to accept this state of affairs 
without the necessity of speculation 
through theory about what is not 
known. The answer to any given prob- 
lem will come when someone is ingeni- 
ous enough to take the problem into 
the laboratory and solve it by means 
of experimentation. A theory can be 
a satisfier, but it is no substitute for 
knowing by means of experiment. 


(MS. received September 18, 1950] 








SOME METHODOLOGICAL COMMENTS CONCERNING 
EXPECTANCY THEORY * 


BY PAUL E. MEEHL AND KENNETH MacCORQUODALE 
University of Minnesota 


In attempting to formulate axioms 
for Tolman’s “expectancy” theory we 
came to certain methodological conclu- 
sions which we shall present briefly in 
the present paper. Space does not per- 
mit us to present the twelve postulates 
thus far developed, nor can we review 
here the experimental facts. It is our 
opinion, however, that the recent pub- 
lished and unpublished research is suf- 
ficiently favorable toward an expectancy 
theory to warrant systematic work cn 
its more rigorous formulation. 

We early concluded that certain views 
which have been linked historically to 
Tolman’s formulation are logically un- 
related to the “core” concepts of an ex- 
pectancy theory. Other views seemed 
related to Tolman’s formulation until 
preliminary efforts to formalize them in- 
dicated their independent status as well. 
We shall merely list those dogmatically 
as “properties not definitive of an ex- 
pectancy theory”: ? 


1. Gestalt-configural stress. 

2. Perceptual field stress. 

3. Pure contiguity as a sufficient con- 
dition. 

4. Specification of reaction-class by 
reference to position, direction, or 


1 This is a revision, with very minor changes, 
of a paper read as part of the Report from the 
Conference on Behavior Theory (Dartmouth 
Conference) at the 1950 meeting of the Ameri- 
can Psychological Association at State College, 
Pennsylvania. The other members of the Sym- 
posium and Conference are in no way to be 
considered as endorsing the position presented. 
, * Detailed justification for rejecting these as 
“essential” features of an expectancy theory 
will appear in a joint volume to be published 
by the Dartmouth Conference. 


locomotion (rather than by effec- 
tor properties). 

5. Discontinuity view of discrimina- 
tion learning. 

6. Insistence upon the learning-per- 
formance distinction. 


What then is the “core” concept de- 
finitive of an expectancy theory? 

According to both S-R theory and to 
Tolman, the empirical probability of R 
in the presence of S can be increased in 
several ways. That more than one way 
exists is what generates the learning- 
performance distinction. Thus, without 
having interpolated further exposures to 
S, we can raise the strength of R in its 
presence by starving the rat. But the 
important point is that operations of 
this sort are conceived of as acting to 
change the relation between a theoreti- 
cally introduced bond sHr and empiri- 
cal strength. If we examine the man- 
ner in which this theoretical bond sHr 
is itself supposed to be strengthened, 
the three major S-R systems allow for 
only one kind of operation: the running 
off of the sequence S-then-R (or some 
sequence having sufficient similarity to 
it to yield generalization and induction 
effects). The question regarding the 
sufficient conditions for strengthening 
this sequence, e¢.g., drive-reduction, is 
not relevant here. The mere occurrence 
of the sequence S-then-R may not be 
sufficient, but all three major S—R sys- 
tems (Guthrie, Hull, Skinner) make it 
necessary. 

If a postulate is included which al- 
lows the theoretical sHr bond to be 
strengthened by some operation mot in- 
volving the occurrence of the sequence 
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S-then-R (or topographically similar 
ones), such a single postulate should 
have striking and diffuse consequences. 
If we draw up a table of the various 
experimental designs possible in the 
single-unit T-maze, and examine those 
designs in which “positive” outcomes 
are prima facie embarrassing to non- 
Tolmanites (i.e., whether they hold in 
common stimulus-reinforcement, drive- 
reduction, or simple contiguity views), 
we find that such designs have a com- 
mon property. This property, which 
is not found in the designs easily as- 
similated by S-R theory, is that dur- 
ing the acquisition phase no increase 
in the (subsequently-to-be-manifested) 
preference can be observed. Whenever 
such an increase is observed during the 
so-called “latent” phase, the experiment 
is not disturbing to an S-R theorist. 
Now if we ask why Tolman is happy 
with positive outcomes in such designs, 
we find that he can assume an increase 
in the sHr bond by an operation other 
than the running off of the S-then-R 
sequence. Because this operation is 
sor times taken to be essentially the 
juxtaposition of two S’s, there és a cer- 
tain sense in which Tolman has an 
“S-S” theory (although the two S’s are 
not necessarily the ones Tolman usually 
mentions). 

Let us suppose, to take a concrete ex- 
ample, that a food-satiated rat runs a 
T-maze with symmetrical social incen- 
tives. No differential strength is ob- 
served, Then the hungry rat is placed 
(not having run) in one end-box and 
allowed to eat. “Appropriate” choice 
on a subsequent run is prima facie em- 
barrassing to non-expectancy theories. 
It appears that the feeding experience 
was the operation that strengthened one 
S.R bond over the other; yet this op- 
eration does not involve the occurrence 
of the sequence S-then-R. This seems 
to us the real reason that it is embar- 
rassing to non-expectancy theories. 
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That this situation is what is at stake 
is further indicated by the way a non- 
Tolmanite is likely to avoid the embar- 
rassment. He invokes a fractional goal 
response. That is, he speaks of an ac- 
cumulation of strength in some bond 
S.R’ which does go on during the latent 
phase; but the response term R’ is 
either internal or minimal and hence not 
noticed by ordinary methods. 

Tolman here says what the layman 
would say: “The feeding experience 
taught the rat that food was to be found 
in a certain box, and the latent phase 
had taught him how to get to that box. 
So now he tends to go there.” Here the 
strength of sHr is said to increase via 
the occurrence of two S’s, without the 
occurrence of the sequence S-then-R. 
Let us call the neutral goal-box stimula- 
tion Se, the “usual terminator” of the 
sequence S-then-R. The Tolman postu- 
late would seem to involve the assump- 
tion that the strength of the S.R bond 
can be increased by bringing its usual 
terminator S2 into conjunction with a 
reinforcer (food, say S*). But this ref- 
erence to the “usual terminator” can 
only be understood by thinking of some- 
thing which the “usual termination” has 
set up in the rat. So it seems appropri- 
ate to include the usual terminator in 
one’s notation, writing it as “part of” 
the construct being strengthened during 
the latent phase. Hence we think in 
terms of a 3-term designation of the 
construct, including reference to the 
eliciting stimulus, the response, and the 
terminating stimulus. This peculiar 
“habit” (S,RiS2) may be called an “ex- 
pectancy”; postulates regarding its ac- 
quisition, extinction, generalization and 
“activation” of reaction-potentials are 
then in order. 

Having defined “an expectancy 
(S:RiS2)” implicitly by several postu- 
lates which we cannot present here,* 


8 The provisional set of postulates is avail- 
able from the authors upon request. 
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an expectancy theory seems to involve 
what might be called a Postulate of In- 
ference, as follows: 


The occurrence of a temporal contiguity 
S,S* when the expectancy (S,R,S,) has non- 
zero strength, produces an increment in the 
strength of a new expectancy (S,R,S*). 
The induced strength increases as a de- 
celerated function of the number of such 
contiguities. The asymptote is the strength 
of the inducing expectancy (S,R,S,) and 
the growth rate is a decelerated increasing 
function of the absolute valence of S*. 


Let us suppose that the experimental 
facts seem to require such a principle. 
Does its presence define an expectancy 
theory? No, because a non-expectancy 
theorist may be able to derive it as a 
theorem if suitable changes are made in 
the formulation of the other postulates 
as well. The use of r, by Hullians is, 
of course, the major case of such a 
claim. Two comments are in order con- 
cerning 7, as a mediator of “inference.” 


First, the derivations tend to be made 
for special setups, rather than as a gen- 


eral “theorem” to be filled in. Sec- 
ondly, r, at present is so poorly quanti- 
fied a construct that it is as readily 
available a deus ex machina for non- 
expectancy theorists as the concepts of 
“attention,” “emphasis,” or “perceptual 
threshold” are for Tolman. It is not 
possible at present to foresee whether 
the theorem can be derived and can 
have the combination of quantitative 
properties in r, needed to mediate all 
of the deductions. 

Suppose an inference-postulate is de- 
rivable as a theorem from “non-expect- 
ancy” principles. What non-verbal dif- 
ference, if any, remains between Tolman 
and Hull? We believe this question 
hinges upon the way the word “re- 
sponse” is used. If this word means an 
effector-event, as it originally did to 
behaviorists, a Tolmanite creates a non- 
verbal difference by making r, “cen- 
tral.” For this reason we did not list 
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the centralist-peripheralist issue among 
the pseudo- or non-defining properties 
of an expectancy theory. Suppose Tol- 
man asserts that the locus of r, or, bet- 
ter, of the expectancy which plays the 
same formal rdle as r, is “in the brain.” 
There are three main reactions to such 
a claim: 


1. It is not part of theory. 

2. It is part of theory but I am not 
interested in it. 

3. It is an interesting part of theory 
but it is false (peripheralism). 


There can be no doubt as to the empiri- 
cal meaningfulness of the centralist the- 
sis. “Where in physical space-time, in 
what part or phase of the activities oc- 
curring within the rat, do the physio- 
logical events occur which play the for- 
mal réle in the causal system specified 
by the sentences of the thec:y?” One 
may not care to discuss this thesis, but 
it is certainly not a transcendental or 
“meaningless” question. There are re- 
spectable sciences of anatomy and phys- 
iology which have these events as their 
subject-matter; and no one but a dual- 
ist doubts that these events are the im- 
mediate determiners of the movements 
of an organism. This being the case, it 
is hard to understand why such a locus- 
claim is “not really part of the theory.” 
A man’s theory about any region of 
inquiry consists of all the empirically 
meaningful statements that he makes 
regarding that region. To say that “r, 
develops as a growth-function” is the- 
ory, whereas to say that “r, occurs in 
the effectors” is not theory, seems to us 
wholly arbitrary. Nor can such a dis- 
tinction be defended by the methodo- 
logical dictum that “If two theories 
have the same consequences they are 
indistinguishable.” The joker here is 
the phrase “same consequences.” That 
the consequences must be somehow em- 
pirical is merely the mark of science; 
but that they must be behavioral is a 
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currently fashionable decision. It may 
be a good one; but it is only a decision 
nonetheless! 

This brings us to the second attitude, 
“Tt’s theory but I am not interested in 
it.” Since this is a statement of values, 
one cannot quarrel with it. But such a 
value-judgment cannot, by the same 
token, be imposed on others, e.g., by 
informing them that the centralist the- 
sis is not part of theory. It has been 
said that the only reason for constructs 
is to enable us to “predict behavior.” 
We frankly find it difficult to conceive 
that people are mainly interested in do- 
ing just this. Does anyone but a natu- 
ralist have an intrinsic interest in the 
movements of a rat? We are not erect- 
ing theory in order that we may guess 
whether a rat will turn left or right; 
on the contrary, we watch which way 
he turns with bated breath because we 
wish to confirm our guesses as to the 
theory. Now this is autobiographical, 
and others may not share our intrinsic 
curiosity about the inner events. But 
those who do not share that curiosity 
cannot prohibit it in those who do. If 
a centralist insists that he studies the 
rat’s movements as a means to an end 
—to get leads on the character and 
locus of the inner events—make no mis- 
take about it; he is expressing a very 
respectable kind of scientific interest. 
It remains to be seen how far a “purely 
behavioral” research program can carry 
him in satisfying such an interest. Let 
us stress very strongly that we have no 
bets here, and do not intend to desert 


233 


the T-maze and the Skinner-box for the 
scalpel. But we do wish to emphasize 
that any tendency to relegate a “cen- 
tralism” thesis to the metaphysical 
limbo upon general methodological 
grounds is doctrinaire. “Purely molar 
behaviorism” has proved amazingly 
powerful when expressed as a research 
preference; but it has no status what- 
ever if treated as if it were a thesis of 
general epistemology. 

Whether the time is ripe for system- 
atic efforts at codrdination of molar- 
behavior constructs with localized inner- 
events is always problematic. All we 
can do is to examine critically the 
evidence for proposed identifications. 
Whether or not its major contentions - 
are correct, a book such as Hebb’s Or- 
ganization of Behavior cannot be dis- 
missed as “irrelevant.” It may be ten- 
tative, but its neurologizing is not of 
the bootless and irresponsible sort which 
we all condemn. Whether it is “pre- 
mature” remains to be seen. It is our 
belief that even a purely “molar” re- 
search attack is capable of confirming 
some locus-statements, but not to as 
high a degree as one could wish. It 
is, of course, quite possible for a de- 
terminedly “molar” behaviorist to ask 
intelligible questions which he cannot 
answer (i.e., resolve with any confidence 
by molar methods). But how far he 
can go is for future research to decide, 
and it would be foolish for us to ven- 
ture any prophecies. 


[MS. received for early publication March 
8, 1951] 
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